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COMPARATIVE STUDIES OF URBAN FLY POPULATIONS IN ARIZONA, 
KANSAS, MICHIGAN, NEW YORK, AND WEST VIRGINIA 


H. F. SCHOOF anp E. P. SAVAGE Communicable Disease Center, 
Public Health Service U. S. Department of Health, Education, and Welfare, Atlanta, Georgia 


For the purpose of determining the possible 
relationship of flies to the transmission of polio- 
myelitis, an investigative program was initiated 
in 1948 at 5 cities: Phoenix, Arizona; Topeka, 
Kansas; Charleston, West Virginia; Muskegon, 
Michigan; and Troy, New York. To measure 
the effectiveness of the control operations in the 
aforementioned cities, 5 nearby towns were 
selected to serve as comparison areas. These 
untreated cities were: Mesa-Tempe,! Arizona; 
Lawrence, Kansas; Dunbar-St. Albans,'! West 
Virginia; Grand Haven, Michigan; and Cohoes, 
New York (Figure 1). As an essential part of 
the fly appraisal studies at each project, fly trap- 
ping surveys were conducted in both treated and 
untreated cities. However, since the effect of the 
intensive application of insecticides in the 
treated cities upon the fly population varied in 
the different municipalities, this paper will de- 
scribe only the trap data procured in the un- 
treated cities during 1949 and 1950. Because of 
the voluminous amount of material available, 
further reduction will be effected by confining 
the discussion to the 10 related species of major 
importance: Musca domestica, Phaenicia sericata, 
Phaenicia pallescens, Phaenicia caeruleiviridis, 
Phormia regina, Ophyra leucostoma, Ophyra aenes- 
cens, Muscina stabulans, Muscina assimilis, and 
Callitroga macellaria. The findings from the 
treated cities and with reference to the other 
species will be treated in a subsequent paper. 

Most of the trap’ data which are available on 
adult fly populations and the seasonal prevalence 
of individual species have been related to those 
blow flies which produce parasitic myiasis in 
domestic animals. As the majority of this work 
has been limited to rural areas, relatively little in- 
formation is available on the abundance, distribu- 
tion, and seasonal incidence of those species 
which commonly form fly populations of urban 


'1Two communities but treated as one for purposes of 
discussion. 


areas. The principal studies of this nature are 
those reported by Power ef al. (1943) and 
Power and Melnick (1945), which describe work 
in New Haven, Connecticut, and the 2-year sur- 
vey conducted at Madison, Wisconsin, by Dicke 
and Eastwood (1952).? 


METHODS 

The modified USDA fly trap (Coffey, 1948) was 
the device used to collect specimens on these 
surveys. A mixed bait, which consisted of rotted 
fruit, vegetables, chicken viscera and/or fish, 
served as the attrahent. All traps were operated 
for 24 hours, with fresh bait being employed for 
each setting. For removal of specimens from the 
trap, the latter was placed in a lethal chamber to 
which dry ice or chloroform had been added as 
the killing agent. The volume of flies in each 
sample was then recorded in cubic centimeters, 
after which the individual collection was dried 
and stored in a cardboard container until iden- 
tified during the winter months.* 

For operational purposes the cities were di- 
vided into sections representing the various 
socioeconomic levels, with each block being 
numbered. The sampling pattern consisted of 
one collection per section per week. Specific sites 
within the section were chosen upon the basis of 
fly prevalence. 

In the identification of specimens, sample size 
for 1949 was limited to 120 cubic centimeters per 


2Since the submission of our paper Haines (1953) has 
published results of a study of fly production in urban 
areas. 

3For the field identification of these specimens, the 
writers are indebted to project entomologists R. D. Hill, 
C. M. Elmore, R. E. Siverly, J. G. McWilliams, and E. 
V. Welch. Special thanks are due Dr. H. R. Dodge, 
who trained the field personnel in fly taxonomy and 
devised special keys for the identification of flies com- 
monly trapped in the different areas. Dr. Dodge and 
Mr. J. M. Seago also identified a considerable portion of 
the collections from the 5 cities. 





~ 


collection for all collections made during the first 
3 weeks of every month. In collections of more 
than 120 cubic centimeters, the number of 
specimens in the total volume was computed by 
means of a ratio factor (i.e., sample volume: total 
volume). To determine the adequacy of the 120 
cubic centimeters sample in representing the 
various species of flies in collections which 
exceeded that volume, all specimens in collections 
of 120 to 473 cubic centimeters procured during 
the fourth week of trapping were identified on the 
basis of aliquants of 120 cubic centimeters. The 
individual aliquants were identified separately, 
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Musca domestica; the green bottle flies, Phaenicia 
sericata, Phaenicia pallescens; the black blow fly, 
Phormia regina; and Ophyra leucostoma are de- 
picted in Figures 3-7. The density values for 
these charts were obtained by calculating the 
average number of specimens per weekly trap col- 
lection and combining these data into a 3-week 
moving average. 
RESULTS 
The total number of trap collections and the 


average number of flies per collection for each 
city are shown in Table I. The highest average 


FIGURE 1 
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the number of specimens of each species then being 
adjusted to the total volume. By comparison of 
the computed total number of specimens for each 
species with the actual total number, the adequacy 
of the 120 cubic centimeter sample size was sub- 
stantiated. In 1950 sample size for all collections 
was confined to 120 cubic centimeters. 

Meterological data were obtained from U. S. 
Weather Bureau Stations at or in the immediate 
vicinity of the project cities. The monthly rain- 
fall and average monthly temperatures are illus- 
trated for all cities (Figure 2). 

The seasonal prevalences of the house fly, 


ATLANTA, GA.- FEB. 


number of flies per trap collection‘ for the 2-year 
period was obtained in Grand Haven, Michigan, 
with an average of 3731 flies per trap collection 
as compared to a low of 1337 flies per trap collec- 
tion in Dunbar-St. Albans, West Virginia. The 
occurrence of the maximum density at Grand 
Haven is due, in part, to the fact that trap surveys 
in 1949 did not commence until late June. This 
delay reduced the numbers of low volume collec- 
tions representative of the early spring surveys. 


‘This average index refers to all species and is not 
restricted to the 10 major types. 
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Since the same was not true for the remaining 
cities, the Grand Haven zone received a greater 
chance of providing the higher index of prevalence. 


Musca domestica (Figure 3): 


The relative abundance of the house fly M. 
domestica was greatest at Mesa-Tempe, Arizona, 
where it accounted for 69.3 percent of the total 
flies trapped in 1949, and 47.9 percent in 1950. 
In the warm, arid climate of this area, the inci- 
dence curve for M. domestica in 1949 showed a 
major peak in May followed by four minor 
elevations during the remainder of the season. 
In 1950 maximum densities occurred in May, but 
the prevalence level fell far below that manifested 
in the 1949 surveys. 


TABLE 1 


TotaL TRAP COLLECTIONS AND AVERAGE NUMBER 
oF Fires PER COLLECTION— 1949 AND 1950 


TOTAL AvcG. No. FLIEs 
CITIES COLLECTIONS | PER COLLECTION 


Mesa-Tempe, Arizona 289 1,800 


Lawrence, Kansas 


Dunbar-St. Albans, 
West Virginia 


Grand Haven, Michigan 


Cohoes, New York 


At Lawrence, Kansas, M. domestica ranked first 
in abundance in 1949, when it accounted for 38.5 
percent of the total flies trapped. In 1950, how- 
ever, this species was third in relative abundance, 
comprising 21.1 percent of the total flies trapped. 
The seasonal trend in 1949 showed a sharp 
increase in prevalence during late June, a peak in 
July, followed by a gradual decline during the 
remainder of the season. In 1950 the general 
abundance of the house fly dropped well below 
that of the previous year with the maximum 
density level obtained during August. 

At Dunbar-St. Albans, West Virginia, M. 
domestica accounted for only 6.6 and 3.0 percent 
respectively of the total flies trapped in 1949 and 
1950, but appeared in the collections from May 
through October. During both years, maximum 
prevalence was reached during the July-August 
period. 
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In Grand Haven, Michigan, M. domestica was 
present in trap collections from June through 
October, but represented only 6.5 and 1.3 percent 
respectively of the total fly populations in 1949 
and 1950. Maximum prevalence was obtained 
during July and August. 

At Cohoes, New York, the house fly was 
relatively scarce, constituting 3.5 and 1.0 per- 
cent of the total flies trapped in 1949 and 1950. 
It occurred from May through October with 
maximum densities prevailing in August. 


Phaenicia sericata (Figure 4): 


The green bottle fly, Phaenicia sericata, was the 
fly most frequently trapped in all cities, ranking 
either first or second in relative abundance with 
the exception of Lawrence, Kansas, in 1949. At 
Mesa-Tempe, Arizona, it ranked second in 
abundance in 1949 and 1950, but accounted for 
only 11.4 percent and 16.0 percent of total flies 
trapped during these 2 years. The data showed 
P. sericata to be present from March through 
November with maximum prevalence levels in 
the spring months. Observations in 1951 and 
1952 indicated that P. sericata occurred through- 
out the winter period in this area. 

In Lawrence, Kansas, P. sericata was active 
from May through November, ranking third in 
total abundance in 1949, and first in 1950. It ac- 
counted for 16.0 and 31.5 percent respectively of 
the total flies trapped in 1949 and 1950. Peak 
prevalences appeared in June, 1949 and in August, 
1950. 

At Dunbar-St. Albans, West Virginia, P. seri- 
cata was the most abundant species trapped in 
1949, comprising 38.0 percent of all flies trapped. 
In 1950 P. sericata ranked second when it repre- 
sented 27.0 percent of the total flies trapped. 
This species occurred from April through Novem- 
ber, reaching a maximum density in midsummer. 

In both the Grand Haven, Michigan, and 
Cohoes, New York, areas P. sericata ranked first 
in relative abundance in 1949 and 1950. At 
Grand Haven it accounted for 51.0 percent of all 
flies trapped in 1949 and for 39.0 percent in 1950. 
P. sericata was abundant from May through Oc- 
tober with peak densities prevailing during the 
July-August period. In Cohoes, New York, this 
species accounted for 71.0 percent of all flies 
trapped in 1949 and for 69.0 percent in 1950, 
reaching its peak in August of both years. 

Of interest is the uniformity of prevalence levels 
at Grand Haven, Michigan, for the 2 years 
(Figure 4) as compared to the marked reduction 
in densities in Cohoes, New York, for the year 
1950. Inasmuch as the data are based on a 3- 
week moving average, the absence of collections 
for 2 consecutive weeks in July at Cohoes,New 
York, accentuates this difference to a greater 
degree than probably occurred. Nevertheless, 
collation of the general fly abundance at Cohoes 
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for these years reveals the August densities in 
1949 to average 5,767 per trap collection as com- 
pared to 1,157 flies in 1950. 


Phaenicia pallescens (Figure 5): 


This species, which is less adapted to cool 
climates than Phaenicia sericata, was never col- 
lected at Cohoes, New York®, or at Grand Haven, 
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Michigan® (Figure 5). At Dunbar-St. Albans, 
West Virginia, P. pallescens achieved considerable 
prevalence, ranking second and first in relative 
abundance for the years 1949 and 1950 when it 
accounted for 19.4 percent and 27.5 percent of the 
total flies trapped. It appeared in early May and 
was on the wing until November. Peak preva- 
lence was attained in late August for both years. 


FIGURE 3 


SEASONAL PREVALENCE OF Musca domestica 
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5More than 450 collections in Troy, New York (5 miles 
distant), 1948-50, were also negative for P. pallescens. 

6Although absent in the Grand Haven, Michigan, col- 
lections, P. pallescens was trapped in Muskegon, Michi- 
gan, approximately 9 miles distant. Only 3 specimens 
occurred in the 509 collections for 1949 and 1950, but in 
1948, before control was initiated in Muskegon, P. 
pallescens wes taken frequently in small numbers from 
August through October (76 collections). The majority 
of the positive collections was obtained from a small 
dump area 
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At Lawrence, Kansas, P. pallescens accounted 
for 6.3 and 0.3 percent of the total flies trapped 
for the years 1949 and 1950. The sharp reduction 
in prevalence in 1950 over 1949 reflects the cooler 
and wetter weather which prevailed during the 
summer period in 1950 when average monthly 
temperatures were 5 degrees below those of 1949. 
The near absence of P. pallescens in 1950 coincided 
with a parallel augmentation in the prevalence of 
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P. sericaia (Figure 4), Further evidence of the 
influence of climatic conditions is shown by the 
comparative seasonal trends and the occurrence 
of peak densities of the 2 species in 1949 and 1950. 
In 1949 maximum prevalences for P. sericata and 
P. pallescens, respectively, were in June and 
August, whereas in 1950 the peak index for P. 
sericata advanced to August and P. pallescens was 
encountered too infrequently to be included on 
the graph. 
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to the low humidity levels which are characteristic 
of the area. 
Phaenicia caeruleiviridis: 

Phaenicia caeruleiviridis was the least abundant 
of the 3 common species of this genus which oc- 
curred in the 5 cities, never representing more 
than 7.5 percent of the total flies trapped. This 
species appeared most frequently in Dunbar-St. 
Albans, West Virginia, where it comprised 4.3 


FIGURE 4 


SEASONAL PREVALENCE OF Phoenicia sericata 
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At Mesa-Tempe, Arizona, P. pallescens was of 
minor consequence, constituting approximately 
1.0 percent of the total flies trapped in 1949-50. 
Despite its small numbers this species occurred 
from February through December. The relative 
scarcity of P. pallescens in this warm climate, 
while somewhat contrary to expectations, can 
probably be attributed, as Hall (1948) indicates, 


[wr | aus —[seer_[ ocr_[ nov] vec] 
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percent and 7.5 percent of the total flies trapped 
in that city in 1949 and 1950, respectively. P. 
caeruleiviridis occurred in traps from April through 
November and reached its maximum prevalence 
in August, 1949 and September, 1950. 

In Cohoes, New York; Lawrence, Kansas; and 
Grand Haven, Michigan, P. caeruleiviridis was of 
minor occurrence (0.2 to 1.1 percent of the total 
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flies trapped) while in the Mesa-Tempe, Arizona, 
area it was absent in the 289 collections for 1949 
and 1950. More than 1860 samples from nearby 
Phoenix, Arizona, for the period 1948-51 likewise 
proved negative for P. caeruleiviridis. Since P. 
caeruleiviridis was also absent in periodic collec- 
tions from Casa Grande, Arizona (1950-51), 
Seguin and Sinton-Taft, Texas (1950-51), Pharr, 
Texas (1946-48), and Carlsbad, New Mexico 
(1950-51), it apparently does not persist in 
southwestern United States. 


Phormia regina (Figure 6): 
In all survey cities the black blow fly, Phormia 
regina, was prevalent, ranking second, third, or 
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particularly in 1949 when it reached the maximum 
density level in late June. 

At Dunbar-St. Albans, West Virginia, P. regina 
occurred in trap collections from April through 
November. Although never abundant in number, 
this species accounted for 13.0 percent and 9.7 
percent of the total flies trapped. In 1949 maxi- 
mum prevalence obtained in late spring, while in 
1950 the fall density level was greatest. 

In Grand Haven, Michigan, P. regina ranked 
second in terms of relative abundance during 1949 
and 1950 when it accounted for 19.0 percent and 
25.7 percent of the total flies trapped. This 
species was present from April through October, 
reaching a maximum density in July. In con- 


FIGURE 5S 


SEASONAL PREVALENCE OF Phaenicia pa/lescens 
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fourth in relative abundance. At Mesa-Tempe, 
Arizona, P. regina was the least prominent, rank- 
ing fourth in abundance during both years of the 
survey when it accounted for 4.4 percent and 10.1 
percent of the total flies trapped. This species 
was most frequently encountered in April and 
May but practically disappeared from collections 
during the ensuing hot summer period. 

At Lawrence, Kansas, P. regina ranked second 
in abundance and represented 23.5 percent and 
23.1 percent of the total flies trapped in 1949 and 
1950. In that area the black blow fly was preva- 
lent throughout spring and early summer, 
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trast to the general picture of 1949 versus 1950 
prevalences, P. regina was most abundant in 1950 
when peak densities were twice those of the pre- 
vious year (Figure 6). 

At Cohoes, New York, P. regina achieved maxi- 
mum prevalences in August 1949 and 1950 with 
peak density levels for the latter year approxi- 
mately one-fifth those of 1949. Despite this re- 
duction in 1950, the black blow fly accounted for 
9.8 percent of the total flies trapped in 1950 as 
compared to 13.8 percent in 1949. During both 
years P. regina was present in collections from 
May to September. 
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Ophyra leucostoma (Figure 7): 

With the exception of M. domestica, Ophyra 
leucostoma was the muscid fly most frequently 
trapped in all cities except Mesa-Tempe, Arizona. 
It never ranked above third in relative abundance 
nor accounted for more than 11.9 percent of the 
total volume of flies collected. 

At Mesa-Tempe, Arizona, O. leucostoma was 
not recovered from any of the 289 collections in 
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remainder of the season. In 1950 the peak 
density fell far below that of 1949, but the in- 
cidence curve showed parallel maxima in June 
and in August. 

At Dunbar-St. Albans, West Virginia, O. 
leucostoma ranked fifth in abundance in 1949 and 
third in 1950, when it accounted for 6.3 and 11.9 
percent, respectively, of the total flies trapped. 
The 1949 prevalence curve reflects a minor peak 


FIGURE 6 


SEASONAL PREVALENCE OF Phormia regina 
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1949 and 1950. In addition, 1,584 samples from 
Phoenix, Arizona, for the years 1948 and 1951 
likewise proved negative for this species. 

At Lawrence, Kansas, O. leucostoma in terms of 
relative abundance ranked sixth in 1949 and fifth 
in 1950. In 1949 the incidence curve (Figure 7) 
of O. leucostoma showed a June maximum with a 
sharp decrease in late July followed by a gradual 
decline with two minor oscillations during the 
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in June followed by a slightly higher peak in July 
after which a gradual decline ensued during the 
remainder of the season. In 1950, however, a 
low magnitude of population prevailed until late 
July when densities rose sharply, reaching a peak 
index in late August. The latter was succeeded 
by a sharp decline with prevalence then falling to 
the levels of the spring period. 

In Grand Haven, Michigan, this species reached 
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indices greater than those achieved in any of the 
other cities. Prevalences for both years were of a 
similar magnitude, peak indices occurring during 
July and August. 

At Cohoes, New York, O. leucostoma ranked 
fourth in total abundance in 1949 and third in 
1950. Density trends for both years were rela- 
tively low, particularly in 1950 when the species 
was trapped only at infrequent intervals. 


Ophyra aenescens: 


Ophyra aenescens appeared in the collections 
from all 5 cities but was relatively scarce. In 
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levels in June and April in 1949 and 1950, re- 
spectively. 


Muscina stabulans: 


The false stable fly, Muscina stabulans, al- 
though present throughout the fly season, did not 
account for more than 5.1 percent of the flies 
trapped in any of the 5 cities. At Mesa-Tempe, 
Arizona, this species ranked third and fifth in 
abundance and comprised 5.1 and 3.2 percent of 
the fiies trapped in 1949 and 1950, respectively. 
It occurred from March through December with a 
maximum prevalence in May. 


FIGURE 7 
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comparison to O. leucostoma, O. aenescens was of 
minor significance in the 4 cities where both 
species occurred. The maximum index was 11.2 
flies per collection in Grand Haven, Michigan, 
in 1949 but this as well as the indices for Lawrence, 
Kansas (1 fly); Cohoes, New York (1 fly); and 
Dunbar-St. Albans, West Virginia (3 flies), 
ranked well below those for O. leucostoma which 
averaged 282, 70, 50, and 139 flies per trap sample, 
respectively, for these 4 cities. 

At Mesa-Tempe, Arizona, O. aenscens occurred 
from March through November with maximum 


LEGEND 
GRAND HAVEN, MICH. 
COHOES, N.Y 
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AVERAGE NUMBER OF FLIES PER TRAP COLLECTION 
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While M. stabulans did not represent more than 
2.3 percent of the total flies trapped in the re- 
maining cities, the prevalence of this species in 
Grand Haven, Michigan, approached that of the 
Mesa-Tempe, Arizona, area. Average number 
of specimens per trap collection for the 2 years in 
the 2 cities, respectively, was 67 and 70 specimens. 
However, for the year 1950 alone, Grand Haven, 
Michigan, averaged 14 more flies per trap collec- 
tion than did the Mesa-Tempe, Arizona, area. 

At Dunbar-St. Albans, West Virginia; Cohoes, 
New York; and Lawrence, Kansas, M. stabulans 
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was least prevalent, the average number of flies 
per collection for 1949-50 being 15, 22, and 23 
specimens. 


Muscina assimilis: 


Muscina assimilis, like Muscina stabulans, was 
relatively scarce in all cities, never representing 
more than 1.3 percent of the total number of 
frequently at Grand Haven, Michigan, where 82 
samples vielded an average of 47 specimens per 
collection. It was least abundant at Mesa- 
Tempe, Arizona, and Lawrence, Kansas; collec- 
tions at these cities averaged 5 specimens per trap 
sample. At Cohoes, New York, and Dunbar-St. 
Albans, West Virginia, average trap densities, 
flies trapped. This species was recovered most 
although somewhat higher than those for Kansas 
and Arizona, were still well below that of Grand 
Haven, Michigan. 

In all 5 cities, M. assimilis was present through- 
out the fly season. Maximum prevalence levels 
were achieved during the summer months except 
in Arizona where the major prevalence occurred 
in May. 


Callitroga macellaria: 

The secondary screw-worm, Callitroga ma- 
cellaria, accounted for 4.2 and 11.9 percent of the 
total flies trapped at Mesa-Tempe, Arizona, and 
ranked fifth and third in terms of relative abund- 
ance during 1949 and 1950, respectively. This 
species appeared in traps from March through 
December and reached its maximum during the 
late fall months of October and November. 

At Lawrence, Kansas, C. macellaria represented 
7.9 and 3.9 percent of the total flies trapped in 
1949 and 1950, respectively. It ranked fourth in 
abundance in 1949 and fifth in 1950. C. macellaria 
was found in traps from April through November 
with a summer peak occurring during both years 
of the survey. 

In the more northern areas of Dunbar-St. 
Albans, West Virginia; Grand Haven, Michigan; 
and Cohoes, New York, C. macellaria formed a 
less important segment of the fly population, 
particularly in the latter area where only 13 
specimens were recovered in the two years. None- 
theless, the records for Grand Haven, Michigan, 
somewhat refute geographic location in the north- 
ern half of the country as being the major factor 
governing the scarcity of C. maceilaria, since in 
1949 the average number of C. macellaria per trap 
collection at this city was 273 specimens. This 
figure exceeded the indices for the Lawrence, 
Kansas (225 flies), and Mesa-Tempe, Arizona (90 
flies), areas. Apparently local environmental 
conditions play a prominent role in the abundance 
of this species in any given locality. 

In the West Virginia and Michigan cities, peak 
prevalences occurred during July and August with 
adults being trapped from June through No- 
vember. 
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DISCUSSION 


On the basis of the 1949 versus 1950 trap col- 
ections, a general reduction in fly populations 
occurred in the 5 cities in 1950. This decrease 
yas pronounced in Mesa-Tempe, Arizona; Lawr- 
ence, Kansas; and Cohoes, New York, where the 
percentage reduction was 32, 56 and 81,’ re- 
spectively. At St. Albans-Dunbar, West Vir- 
ginia, and Grand Haven, Michigan, the difference 
between the 1949 and 1950 volumes was only 4 
and 13 percent in magnitude. 

In general the lower prevalence rates for 1950 
applied to all species; in only a few instances did 
the 1950 density levels for a species equal or 
exceed that for the same fly during the previous 
year (Figure 5, Dunbar-St. Albans; Figures 6 and 
7, Grand Haven). The factors behind this re- 
duction presumably relate to temperature and 
rainfall conditions in 1950. In Lawrence, Kansas; 
Dunbar-St. Albans, West Virginia; Grand Haven, 
Michigan; and Cohoes, New York, where the fly 
seasons are of 5 to 6 months’ duration, tempera- 
ture levels for 1950 during the May through 
August period were below those manifested for 
1949 (Figure 2). In addition an increase in rain- 
fall was coupled with the occurrence of lower 
temperatures. Specific examples of the general- 
ized diminution were the. trends of Phaenicia 
sericata and P. pallescens at Lawrence, Kansas, as 
described on page 8. 

In the Kansas area concerned, the key fly 
producing months are June, July, and August. 
In 1949 the average number of flies per collection 
for these three months was 7,238, 9,724, and 
4,295, respectively. This compared to indices of 
1,805, 914, and 3,117 flies per collection for the 
same three months, respectively, in 1950. In the 
latter year, temperatures during June, July, and 
August averaged 5 degrees lower than tempera- 
tures during the same period in 1949. During 
the January through April period of 1949, 15.9 
inches of rain fell as compared to 3.7 inches in the 
January-April period of 1950. For the months 
of May and June the rainfalls during both years 
were similar. However, in July, 1949 only 4 
inches of rain was received as compared to 11.5 
inches in 1950. This excessive rainfall in the 
key month of the fly population, coupled with a 
temperature level 8 degrees lower than in 1949, 
apparently was responsible for the reduced fly 
population in 1950. 

The greater diminution of fly densities at Law- 
rence, Kansas, in 1950 than at St. Albans-Dunbar, 
West Virginia, and Grand Haven, Michigan, pre- 
sumably could be ascribed to a more pronounced 
effect of cool temperatures upon house fly pro- 
duction, a species which was of major importance 
in Lawrence but only of minor consequence at 

7The absence of collections at Cohoes, New York, for 
2 weeks during the months of peak fly prevalence was 
partially responsible for this high percentage. 





1955] Schoof and Savage: 
the West Virginia and Michigan cities. How- 
ever, at Cohoes, New York, the fly population 
showed an even greater reduction in 1950 than 
that which occurred at Lawrence. Since M. 
domestica also is of little significance at Cohoes, 
New York, the previous explanation is open to 
question. Dicke and Eastwood (1952) reported 
a similar decline (39 percent) in blow fly popula- 
tions at Madison, Wisconsin, in 1950/1949 which 
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abundance on a generalized basis with climatic 
factors are subject to the vicissitudes of the indi- 
vidual species as well as the combined and 
individual effects of the various factors; therefore, 
such correlations should apply to species and 
should be confined to the same geographic 
locality unless data are available for periods 
longer than 3 years. 

In the Mesa-Tempe, Arizona, area, the decline 


FIGURE 8 
THE RELATIVE ABUNDANCE OF HOUSE FLIES AND BLOWFLIES 
IN FIVE COMMUNITIES, 1949 AND 1950 
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they presume to be the result of the cool spring 
and summer of 1950. As a consequence, the 
minimum declines in prevalence in 1950 at St. 
Albans-Dunbar, West Virginia, and at Muskegon, 
Michigan, more so than the substantial reductions 
in Cohoes, New York, and Topeka, Kansas, are 
the perplexing aspects of the comparative data. 
The conclusion is reached that correlations of 


in prevalence in 1950 was primarily associated 
with a reduction in the densities of M domestica 
(54 percent). Temperature levels paralleled for 
1949 and 1950 but the total rainfall for the two 
years differed, the amount for 1950 being lower 
than that of 1949. While the decrease amounted 
to only 2 inches, the influence of this reduction 
was augmented by the total absence of precipita- 
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tion during April and May. Since these months 
represent the key period for maximum house fly 
production, the lack of moisture at that time ap- 
parently was of a critical nature. 

As portrayed by the previous data, the major 
species of the fly population in the hot, dry 
climate of Mesa-Tempe, Arizona, is Musca 
domestica. In direct contrast, the principal com- 
ponent of the fly population in Cohoes, New York, 
is the blow fly, Phaenicia sericata, M. domestica 
occupying only a minor niche. In general the 
house fiy/blow fly ratio varied as the survey area 
progressed from the northeast to the southwest. 
This reversal is shown in figure 8.8. The Dunbar- 
St. Albans, West Virginia; Grand Haven, Michi- 
gan; and Cohoes, New York, areas do not exhibit 
significant differences in their house fly/blow fly 
ratios. At Lawrence, Kansas, the blow fly de- 
crease is coupled with a rise in M. domestica 
abundance, while in Mesa-Tempe, Arizona, the 
house fly is predominant. In considering these 
ratios 2 points must be considered: they represent 
a yearly index and apply to the entire community. 
At problem sites (dumps, hog farms, etc.), the 
relative abundance of house flies and blow flies 
frequently may differ from the previous data 
since such locaiions offer attrahents and breeding 
sources which markedly favor the prolific pro- 
duction of either M. domestica or of certain 
species of blow flies. 


SUMMARY 


1. Fly trap surveys measuring the abundance 
and seasonal prevalence of flies in urban areas 
were conducted at Mesa-Tempe, Arizona; Law- 
rence, Kansas; Dunbar-St. Albans, West Virginia; 
Grand Haven, Michigan; and Cohoes, New York, 
during 1949 and 1950. 

2. Species discussed are Musca domestica, 
Phaenicia sericata, Phaenicia pallescens, Phaenicia 
caeruleiviridis, Phormia regina, Ophyra leucostoma, 
Ophyra aenescens, Muscina stabulans, Muscina 
assimilis, and Callitroga macellaria. 

3. The relative proportions of house fly and 
blow fly prevalences varied with geographic lo- 
cation. In the southwest M. domestica was 
dominant, whereas the blow fly group (Phaenicia, 
Phormia) predominated in the northeast. 

4. A marked reduction in fly prevalence oc- 
curred in the Arizona, Kansas, and New York 
cities in 1950 when average density indices were 
32, 56, and 81 percent lower than in 1949. 


’As blow flies appear to enter baited traps more readily 
than house flies, the relative prevalences of M. domestica 
in the five communities are greater than those indicated 
on figure 8. Grill surveys confirm this statement. 
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THE PHYSIOLOGY OF INSECT METAMORPHOSIS, 
by V. B. Wigglesworth. Pp. viii + 152, 45 figs., 4 
plates. Cambridge University Press, London. Amer- 
ican Branch: New York. 1954. Price, $2.50. 

This is the first in a series of Cambridge monographs 
in experimental biology, stated to be ‘‘authoritative, 
quick-publication, 40,000 word monographs’’. The sum 
of knowledge concerning insect metamorphosis is indi- 
cated by the nearly 400 references quoted, several dated 
1954. Some of the most recent references had not been 
published at the time the manuscript was assembled. 
There is no doubt this monograph covers the existing 
facts. 

Historical aspects of theories of metamorphosis are 
looked into, and the anatomical findings are listed. 
There follows a resumé of histological changes during 
molting and metamorphosis. The chain reaction of stim- 
ulation, neurosecretion, and subsequent release of hor- 
mones is covered. Experimental procedures such as 
isolation of parts, implantation, and parabiosis are 
mentioned to illustrate points. The mode of action and 
contro! of juvenile and thoracic gland hormone is dis- 
cussed, along with the nature of the latter. The im- 
portance of hormone balance and tissue competence are 
stressed. A related topic on the part endocrine glands 
play in the reproduction and metabolism of insects is 
included. 

Any serious criticism must be leveled at the publisher 
rather than author. Although findings on this subject 
will undoubtedly continue at a rapid rate, the material 
presented remains basically sound and would seem to 
deserve a better binding. The author has again dis- 
played his facility for assembling maximum information 
in a concentrated and readable manner. In the con- 
cluding chapter, he surpasses the mere assembly of facts 
by discussing possible relationships between insect meta- 
morphsis and related phenomena of growth, differentia- 
tion, and regeneration. It is to be hoped that future 
monographs in this series (such as, ‘‘The Physiology of 
Diapause in Insects’’, by A. D. Lees) will be as complete 
and up-to-date.—RosBert F. HARWoop. 





DIGESTIVE TRACT pH OF TWO UNUSUAL INSECTS 


JAMES McD. GRAYSON 


Virginia Agricultural Experiment Station, Blacksburg 


The wood-feeding roach, Cryptocercus punctu- 
latus Scudd., was found by Cleveland (1934) to 
contain a rich fauna of microorganisms in the 
digestive tract. A source of his material was 
decaying logs of various tree species near Moun- 
tain Lake, Virginia. This insect occurs at 
altitudes where moderate temperatures exist 
through all seasons of the year in two widely 
separated areas in the United States: The Ap- 
palachian Mountains and certain localities in 
California, Oregon and Washington. Six or seven 
years are required for development to maturity. 


18 SY 


6.7+ 19 


Because of their feeding habits, these two in- 
sect species presented interesting material for 
work on digestive tract acidity-alkalinity. All 
pH measurements were made electrometrically 
with a Model G Beckman pH meter by means of 
a one-drop, open glass electrode in combination 
with a calomel electrode. Adjustments were 
made on the meter to correct for any changes in 
laboratory temperature while the readings were 
being made. The technique employed in dis- 
secting the insect specimens and removing the 
samples has been described (Grayson, 1951). 


(A) 
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Digestive tracts of the wood-feeding roach, Cryptocercus punctulatus (A), and the crane fly larva, Flabellifera 


sp. (B), showing pH values in the regions indicated. Foregut at left in each case, hindgut at right. 


Of equal interest to the writer was the collec- 
tion of fly larvae which were boring into the more 
solid portions of a decaying log near Blacksburg, 
Virginia. These larvae were identified as a 
species of crane fly belonging to the genus Flabelli- 
fera [probably F. fumipennis (O.S.)]'. 

'Tdentified by Alan Stone of the Division of Insect 
Detection and Identification, Bureau of Entomology and 
Plant Quarantine, U. S. Department of Agriculture. 


The results are presented in Figure 1. The 
ralues shown for each region of the digestive 
tract is the average pH plus or minus the standard 
error of the mean. Eighteen individual readings 
were made on each region of the digestive tract 
of the wood roach; 10 readings were obtained for 
each region in the crane fly larvae. 

The pH values reported here for the midgut and 
anterior portion of the hindgut of Cryptocercus 
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punctulatus are similar to those recorded for other 
species of roaches (Wigglesworth, 1927; Swingle, 
1931; Day and Powning, 1949; Grayson, 1951). 
However, the foregut has a higher pH value, and 
the posterior portion of the hindgut a lower pH 
value, than is recorded for other roaches. 

The hydrogen ion concentration in the alimen- 
tary canal of nine species of dipterous larvae has 
been reported by Waterhouse (1940), and the 
values obtained along with those reported for 
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the type of food consumed than with taxonomic 
relationship. 
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other Diptera have been reviewed by Grayson 
(1951). These data-show the pH reaction to 
vary from strongly acid to moderately alkaline, 
whereas the digestive tract of Flabellifera sp. is 
shown herewith to vary from moderately alkaline 
to strongly alkaline. To the author’s knowledge, 
this is the most alkaline reaction reported for the 
digestive tract of a species of fly. It would ap- 
pear that the pH reaction in the alimentary 
canal of Diptera is more closely correlated with 
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TWO SPECIES OF MAYFLIES REPRESENTING SOUTHERN GROUPS 
OCCURRING AT WINNIPEG, MANITOBA 


(EPHEMEROPTERA) 


F, P. IDE 


Department of Zoology, University of Toronto 


In 1941 the author published the description of 
Campsurus manitobensis,! a new species from the 
vicinity of the junction of the Assiniboine with 
the Red river at Winnipeg, Manitoba (Ide, 1941). 
This is the farthest north that a representative 
of this typically South and Central American 
genus has been taken. To this occurrence is 
now added that of Pentagenia vittigera Walsh, 
four male individuals of which were collected along 
the bank of the Assiniboine river within a short 
distance of its junction with the Red river in the 
city of Winnipeg. This record of July 12, 1950 
is the first for a member of this genus of large 
burrowing mayflies from Canada. 

Pentagenia vittigera has been reported in the 
literature (Needham ef al., 1935) from Illinois, 
Kansas, lowa, Missouri, Tennessee, Texas, Arkan- 
sas and Minnesota and P. robusta Mc. D., the 
other known species, from its type locality at 
Cincinnati on the Ohio river only, (McDunnough, 
1926). With the exception of Texas the states 
from which P. vittigera has been reported are 
either all or in part drained by tributaries of the 
Mississippi river and the localities given are 
either on or adjacent to these tributaries. The 
Texas records are from Austin and Bryan on the 
Colorado and Braxos rivers respectively both of 
which flow into the Gulf of Mexico south of 
Galveston. Judging from the localities repre- 
sented, P. vittigera is an inhabitant of larger 
rivers. Hannibal, Missouri, one of the sites, is 
on the main Mississippi river above St. Louis. 

The locality at Winnipeg is an isolated one 
under present conditions of drainage. When, 
however, hydrological and geological factors are 
taken into account the extension of a Mississippian 
faunal element into the Red river drainage is 
not surprising. 

The Red river flows northward from near the 
headwaters of the Minnesota river, a tributary 
of the Mississippi river, a distance of over five 
hundred miles through Minnesota, and Manitoba 
to its outlet into Lake Winnipeg north of the 
city of Winnipeg. The river, through most of 
its length, has a slack gradient of a little less 
than one foot per mile (Upham, 1920). At 
Winnipeg the Red river and its tributary from 
the west, the Assiniboine, are slow flowing 


'Tortopus primus (McDunnough): see Burks 1953. 


streams of large size with turbid waters and 
bottoms of fine silt. The bottom provides 
conditions suitable for the burrowing nymphs of 
this species and of Tortopus, Ephoron, and 
Hexagenia which also occur there. 

Because of the northward flow, slack gradient 
and large volume, the water maintains a more 
even temperature and the mean temperature 
rises to a higher level in summer than would the 
water of smaller rivers in Manitoba and particu- 
larly than those flowing from other than southern 
points of the compass. The water is exposed to 
insolation for a long period during its slow flow 
from the south and the water heated at the 
surface is thoroughly mixed resulting in a large 
volume of warm water, cooling little as it flows 
northward. The thermal conditions in the water 
created by this transport of heat northward 
ensures continuously warm water providing a 
long season for growth of insects, a condition 
which is probably similar to that obtaining further 
south in the larger tributaries of the Mississippi. 
In this manner a habitat suitable for these 
southern insects has been extended to this com- 
paratively northern region in Manitoba. 

There is a possibility that the two species of 
mayflies under discussion have been introduced 
into the Red river across the divide separating it 
from the Minnesota river. This is improbable, 
however, when their limited power of flight and 
short duration of aerial stages are considered. 
These insects also have a strong tendency to re- 
main in the near vicinity of the place from which 
they emerged and this species is apparently 
restricted to the large downstream reaches of 
rivers. 

Changes in the drainages in the past are 
pertinent in the present situation. The geo- 
logical history of the Red river has been inten- 
sively studied and the results demonstrate that, 
following the recession of the ice sheet this river 
was a tributary of the Minnesota river and thus 
drained southward into the Mississippi. Upham 
(1920), along with other authorities, shows that 
glacial Lake Agassiz, covering the present lakes 
Winnipeg, Manitoba and Winnipegosis at a time 
in its history when the outlet to Hudson Bay was 
dammed by the receding ice of the Wisconsin 
lobe, emptied southward along the Red river 
valley to the Mississippi. Considering the valley 
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which it cut, this stream had a slack gradient 
similar to that of the Red mver. There was, 
therefore, continuity of aquatic habitat in the 
main river itself and also into the tributary 
rivers which were in all probability similar for 
both the Red river and its precursor. When the 
flow was reversed with removal of the ice dam 
from the Nelson river and the Red river came 
into existence it seems entirely probable that 
Mississipian faunal elements of the main glacial 
river and of its tributaries then became part of 
the fauna of the new drainage by Hudson Bay. 

The aquatic insects herein referred to may 
well have been introduced in recent geological 
time to this drainage from the Mississippi by this 
stream piracy. A similar case is illustrated by 
some of the clams of the family Unionidae, which 
because of their completely aquatic habit and 
dependence on fishes for distribution are a more 
reliable criterion than are the aquatic insects. 
Baker (1928) lists the following species from the 
Red river: Fusconaia flava (Rafinesque), Mega- 
lonias gigantea (Barnes), Amblema costata Rafines- 
que (sensu latu), Quadrula quadrula Rafinesque, 
Anodonta grandis Say, Anodontoides ferussacianus 
(Lea), Leptodea fragilis Rafinesque, Proptera alata 
megaplera (Rafinesque). He also lists some ad- 
ditional species from Lake Winnipeg for example 
Lasmigona complanata (Barnes) and a subspecies 
L. c katherinae (Lea) and Anodonta grandis Say, 
the first being also recorded from the Nelson 
river. Lasmigona costata Rafinesque is listed by 
him for Manitoba, Ligumia recta latissima 
(Rafinesque) for Winnepeg and Ligumia ellipsi- 
formis (Conrad) from the Red river by quotation 
from Simpson (1914). Many of these species 
are typical of the Mississippi drainage and are 
found beyond the present limits of this drainage 
area only in streams or lakes which were in the 
past either a part of the Mississippi watershed or 
in streams or other bodies of water which have 
since become associated with it. An example of 
this is illustrated by the distribution in Ontario 
of Amblema costata in Lakes Erie, St. Clair and 
Huron, in the Niagara river and some of the 
rivers flowing into them, (La Rocque and Ough- 
ton, 1937). This species and the others of the 
genus are typical Mississippi forms and are pre- 
sumed to have migrated into some of the waters 
of Ontario at a time during the recession of the 
Wisconsin ice sheet when the outlet of the glacial 
antecedents of the Great Lakes was into the 
Mississippi, a stage which persisted with breaks 
until some time during the life of Lake Algonquin, 
the last of the glacial lakes, (Leverett and Taylor, 
1915). 

Similarly Pentagenia vittigera is a Mississipian 
form in the northern part of its range in the 
United States and it is suggested that it is in 
this northern locality at the present time because 
of a combination of the suitable hydrological 
conditions of the river and the change in drainage 
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from a large river draining southward into the 
Mississippi to one draining northward to Hudson 
Bay. 
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TERRICOLE DIPTEREN-LARVEN, by AbDoLpH 
Brawuns. Pp. 179, 3 colored plates, 96 figs. ‘‘Muster- 
schmidt Wissenschaftlicher Verlag, Géttingen, Ger- 
many. 1954. Price, DM 14. 

This volume, the first of a series entitled ‘‘Untersuch- 
ungen zur Angewandten Bodenbiologie’’, is concerned 
with the identification and ecological relationships of 
dipterous larvae found in the ground stratum of the 
forest. (It is to be followed by a second volume, by Dr. 
Brauns, in which the pupae will be similarly treated). 
The first and longest part of the book (pp. 15-125) con- 
siders the larvae from a systematic standpoint, with a 
family key, followed by separate considerations of the 
individual families, which include (1) the listing of popu- 
lar names used in several languages, including English, 
(2) recognition characters, (3) ecology, (4) significance 
in the biology of the ground stratum, and (5) some in- 
formation (occasionaly with partial keys) for the purpose 
of generic and sometimes specific diagnoses. This part 
is well organized and concise. The family key appears 
to be quite adequate for separating the forms under 
consideration and it correlates, through well chosen 
references inserted at the proper places, very effectively 
with the illustrations which are, in turn, so labelled that 
the user can readily ascertain what structures are re- 
ferred to in the key. 

The brief second part (pp. 126-142) describes the eco- 
logical aspects of the forest floor and the ways in which 
various dipterous larvae fit into this habitat, and the 
third part (pp. 143-159) serves as an introduction to the 
morphology and systematic relationships of dipterous 
larvae. Eleven pages of references, an index, and the 
section of unnumbered pages devoted to the illustrations 
complete the work. The illustrations seem to be well 
chosen and adequate. They consist largely of line 
drawings of entire larvae or of details and of photographs 
showing larval habitats. 

The book is a well prepared and valuable contribution 
to the literature of larval dipterology and of forest 
biology.—MAuvRICE T. JAMES 





THE ANT LARVAE OF THE MYRMICINE TRIBE LEPTOTHORACINI! 


GEORGE C. WHEELER anp JEANETTE WHEELER 
Department of Biology, University of North Dakota 


This is a large tribe of 150 species, two-thirds 
of which are in Leptothorax, the sixth largest 
genus of ants. Macromischa tallies about 25 
species, but none of the other genera can muster 
as many as a dozen. In fact, seven consist of 
only a single species and six of these seven have 
been recorded only once. 

Wheeler? included 13 genera in this tribe: 
Macromischa, Macromischoides, Leptothorax, Har- 
pagoxenus, Myrmoxenus, Formicoxenus, Epi- 
myrma, Symmyrmica, Rogeria, Theryella, Lachno- 
myrmex, Apsychomyrmex and Adelomyrmex. Two 
have been added since: Chalepoxenus Menozzi 
1923 and Myrmetaerus Soudek 1925. 

The Leptothoracini are very interesting to 
myrmecologists. Six of the genera are parasitic 
on other ant genera: Chalepoxenus, Harpagox- 
enus, Myrmoxenus, Formicoxenus, Epimyrma and 
Symmyrmica. Leptothorax is nearly cosmopolitan, 
but absent from the Australian Faunal Realm. 
Its members develop small colonies, usually in 
galleries under bark but also in plant cavities and 
in the soil. It is perhaps best known as the 
host of the parasitic ants of the genera Chale- 
poxenus, Harpagoxenus, Myrmoxenus and Epi- 
myrma. However one of its species (emersoni 
Wheeler) is parasitic on Myrmica brevinodis 
Wheeler. The three Ethiopian species of Ma- 
cromischoides and one Neotropical species of 
Macromischa construct nests of plant debris and 
carton on or between the leaves of trees. The 
economic importance of the tribe is practically 
nil. 

Wheeler*® once wrote that the tribe Lepthothor- 
acini was “very unsatisfactorily defined.’ He 
was referring, of course, to adult taxonomy, but 
on the basis of larvae studied we concur, for they 
are a heterogeneous lot. Now if we could only 
eliminate Macromischoides, Rogeria and A psy- 
chomyrmex, we could define the Leptothoracini 
in our collection (Macromischa, Leptothorax and 
Harpagoxenus) as follows: 

Body stout and mostly straight, with only the 
anterior end of the thorax slightly bent ventrally. 
Segmentation indistinct. Mesothoracic spiracle 
considerably larger than the others, which are 
small. Body hairs (other than anchor-tipped) 
short and rather sparse. The shortest hairs are 
usually simple; medium hairs have the tip 

1The illustration of this article was aided by an AAAS 
grant from the North Dakota Academy of Science. 

2Bull. Amer. Mus. Nat. Hist. 45: 664 and 677. 1922. 

3Loc. cit. p. 659. 


denticulate or branched; the longest are anchor- 
tipped and restricted to rows of four, one row 
across the dorsum of each abdominal somite I-V 
or I-VI. Antennae small or minute. Head hairs 
few to numerous and minute to short. Of three 
types—(1) simple, (2) with the tip denticulate, 
(3) with the tip bifid; a larva has one or two types. 
Posterior surface of labrum with few or no 
spinules. Mandibles subtriangular in anterior 
view; the apex forming a short tooth, which is 
slightly curved medially; a moderately wide blade 
projects medially from the anterior surface and 
bears one or two large or small teeth. Maxillae, 
labium and hypopharynx without spinules. Labial 
palps each represented by a cluster four or five 
sensilla. 

But are we justified in thus restricting the 
tribe? Possibly. Emery’ may have had some 
such idea when he wrote concerning the adults: 
‘J'ai rattaché, comme ‘genera incertae sedis,’ a la 
tribu des Leptothoracini Rogeria et un certain 
nombre de petits genres (Lachnomyrmex, A psycho- 
myrmex et Adelomyrmex) qui ont la massue des an- 
tennes de deux articles.’’ ‘Je classe les quatre 
genres suivants |Rogeria, A psychomyrmex, Adelo- 
myrmex, Lachnomyrmex| dans la tribu Lepto- 
thoracini, non sans de forts doutes, attendu que les 
co et meme les ailes des 2 me sont inconnus. Les 
genres Rogeria, Apsychomyrmex et Adelomyrmex 
me semblent constituer un groupe naturel et se 
rattacher, par Rogeria, A Leptothorax et A Macro- 
mischa.”’ 

Furthermore, the larva of Macromischoides dif- 
fers from the larvae of the Leptothoracini (as re- 
stricted above) in the shape of body and mandi- 
bles, in having rugae on the latter, in having 
moderately long head hairs and in the spinulose 
mouth parts. What Wheeler called Macromi- 
schoides Emery had previously put in Tetramor- 
ium. Certainly our larvae of Macromischoides 
show a greater similarity to the larvae of Te/ra- 
morium (but also to Pheidole and Ischnomyrmex) 
than to the typical leptothoracines. 


Genus Macromischa Roger 


Body stout throughout, but with the posterior 
half stouter; nearly straight, but with the thorax 
slightly inclined ventrally so that the head is 
anteroventral; posterior end broadly rounded. 
Body hairs sparse. Of three types: (1) short 
and spike-like, on the ventral surface of the ab- 


‘Genera Insectorum, Fasc. 174, pp. 244 and 266. 1922. 
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domen; (2) short, with denticulate tip, the most 
common type; (3) anchor-tipped, on the dorsal 
surface of the abdomen. Antennae minute and 
widely separated. Head hairs few (about 30) 
and short. Posterior surface of labrum appar- 
ently without spinules. Mandibles subtriangular 
in anterior view, the body tapering to an acute 
apical tooth; a rather wide blade projecting 
medially from the anterior surface and bearing 
two round-pointed medial teeth. Maxillae small 
and appearing adnate to the head; palp repre- 
sented by a cluster of four sensilla, galea by a 
cluster of two. 


Macromischa wheeleri Mann 
Pl. I, Figs. 1-6 


Body stout throughout but with posterior half 
stouter; diameter greatest at the fifth abdominal 
somite; nearly straight but with the thorax 
slightly inclined ventrally so that the head is 
anteroventral; ventral profile of abdomen nearly 
straight; posterior end broadly rounded. Anus 
posteroventral. Leg, wing and gonopod vestiges 
present. Somites indistinct. First spiracle con- 
siderably larger than the others, which are small. 
Integument flimsy; dorsal surface of posterior 
somites with a few minute spinules which are iso- 
lated or in short transverse rows. Body hairs 
sparse. Of three types: (1) on the ventral sur- 
face of the abdomen, very few, short (about 0.018 
mm), spike-like; (2) on the thorax and on the 
dorsal and lateral surfaces of abdominal somites 
I-VIII and all surfaces of IX, short (0.018—0.18 
mm), with denticulate tip, a few without alveolus 
and articular membrane; (3) anchor-tipped, Jong 
(about 0.32 mm), four in a row across the dorsum 
of each abdominal somite I-V. Cranium sub- 
hexagonal in anterior view, a fourth broader than 
long. Antennae widely separated and minute, 
each with two or three minute sensilla, each of 
which bears a spinule. Head hairs few, short 
(0.036-0.054 mm), straight or slightly curved, 
with the tip denticulate. Labrum short and 
broad (breadth 2.8X length), subtrapezoidal, but 
with ventral border feebly concave; anterior sur- 
face with seven short hairs; ventral border with 
two isolated sensilla and two clusters of three sen- 
silla each; posterior surface with seven or eight 
isolated sensilla. Mandibles moderately sclero- 
tized; subtriangular in anterior view, the body 
tapering to an acute apical tooth; a rather wide 
blade projecting medially from the anterior sur- 
face and bearing two round-pointed medial teeth. 
Maxillae small, appearing adnate; palp repre- 
sented by a cluster of four sensilla; galea repre- 
sented by two contiguous sensilla. Labium with 
an isolated sensillum between each palp and the 
opening of the sericteries; the latter a short trans- 
verse slit; palp represented by a cluster of five 
sensilla. (Material studied: numerous larvae 
from Cuba.) 
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Macromischa bermudezi Wheeler 
Pl. I, Fig. 7 

Similar to wheeleri except in the following 
characters: Anterior surface of labrum with 12 
short hairs; posterior surface of each half with 
three isolated and a cluster of two or three 
sensilla. Mandibles less curved; blade shorter; 
medial teeth confluent at their bases. (Material 
studied: 17 larvae from Cuba.) 


Genus Macromischoides Wheeler 


Rather stout; thorax curved ventrally to about 
90°; abdomen straight and subellipsoidal. Body 
hairs sparse. Of two types: (1) short, with the 
tip bifid or denticulate, generally distributed; (2) 
anchor-tipped, on the dorsal surface of the ab- 
domen. Head large. Antennae small. Head 
hairs few (about 20) and moderately long. Poster- 
ior surface of labrum densely spinulose. Man- 
dibles narrowly subtriangular in anterior view; 
somewhat thin and sinuate in side view; with two 
medial teeth—one anterior, the other posterior; 
middle half of anterior surface with a few longi- 
tudinal rugae. Maxillae with the apex free, 
paraboloidal and furnished with a few isolated 
spinules; palp a skewed peg; galea a tall frustum. 
Anterior surface of labium spinulose. Hypo- 
pharynx densely spinulose. 


Macromischoides aculeatus (Mayr) 
Pl. I, Figs. 8-15 
Mature Larva:—Length about 2.6 mm. Rather 
stout; thorax curved venturally to about 90°; 
abdomen straight and _ subellipsoidal. Anus 
posteroventral, with a posterior lip. Leg and wing 
vestiges present. With nine or ten distinct 
somites. Mesothoracic spiracle considerably larger 


EXPLANATION OF PLATE I 


Macromischa wheeleri Mann, Figs. 1-6.—1, head in 
anterior view, X111; 2, left mandible in anterior view, 
X299; 3-5, three types of body hairs, X169; 6, larva in 
side view, X29. 

Macromischa bermudezi Wheeler, Fig. 7, left mandible 
in anterior view, X270. 

Macromischoides aculeatus (Mayr), Figs. 8-15.—8, 
mature larva in side view, X44; 9-11, three body hairs, 
X270; 12, young larva in side view, X44; 13, head in 
anterior view, X126; 14, left mandible in anterior view, 
X270; 15, left mandible in medial view, X270. 

A psychomyrmex myops Wheeler, Figs. 16-21.—16, head 
in anterior view, reconstructed (only the bases of the 
hairs are shown), X214; 17, left mandible in anterior 
view, X270; 18, profile of semipupa (?), reconstructed, 
X18; 19-21, three body hairs, X270. 

Rogeria stigmatica sublevinodis Emery, Figs. 22-23. 
22, head in anterior view (only the bases of the hairs are 
shown), X126; 23, left mandible in anterior view, X298. 

Harpagoxenus americanus Emery, Figs. 24-29.—24, 
head in anterior view, X111; 25, left mandible in anterior 
view, X324; 26-28, three body hairs, X270; 29, immature 
larva in side view, X35. 
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than the others, which are small. Integument 
of the ventral surface of anterior somites and 
dorsal surface of posterior somites with a few 
minute spinules in short transverse rows. Body 
hairs sparse and uniformly distributed. Of two 
types: (1) short (0.018—0.108 mm), with the tip 
bifid or denticulate; (2) long (about 0.3 mm), 
anchor-tipped, with tortuous shaft, four in a row 
across the dorsum of each abdominal somite I-V. 
Head large; cranium subhexagonal with the dorsal 
corners rounded; breadth equal to length. An- 
tennae small, each with three sensilla, each of 
which bears a spinule. Head hairs few, moder- 
ately long (0.036-0.072 mm), with the tip denti- 
ticulate. Labrum feebly bilobed due to a shallow 
median impression of the ventral border; sub- 
rectangular (breadth twice the length); anterior 
surface of each half with four minute hairs and/or 
sensilla; ventral border of each lobe with one 
isolated and a cluster of three sensilla; posterior 
surface spinulose, the spinules in numerous sub- 
transverse short to moderately long rows; poster- 
ior surface of each lobe with one or two isolated 
and a cluster of three or four sensilla. Mandibles 
heavily sclerotized, narrowly subtriangular in 
anterior view, somewhat thin and sinuate in side 
view; apex forming a slender acute tooth; with 
two subapical medial teeth—one anterior, the 
other posterior; middle half of anterior surface 
with a few longitudinal rugae. Maxillae with the 
apex paraboloidal and bearing a few isolated 
spinules; palp a skewed peg with five sensilla 
(three bearing a spinule each); galea a tall frustum 
bearing two apical sensilla. Labium with the 
anterior surface spinulose, the spinules minute and 
in rows which tend to form a reticulate pattern; 
palp represented by a cluster of five sensilla 
(three bearing a spinule each); an isolated sensil- 
lum between each palp and the opening of the 
sericteries; the latter a short transverse slit. 
Hypopharynx densely spinulose, the spinules ar- 
ranged in numerous short transverse rows. 

Young Larva:—Length about 1.1 mm. Diam- 
eter greatest at the middle, decreasing slightly 
toward the anterior end, more rapidly toward the 
posterior end, which is round-pointed; prothorax 
inclined ventrally, rest of body straight. Anus 
ventral. Integument of dorsum with short rows 
of minute spinules. Body hairs of three types: 
(1) few, simple, minute (0.001—0.027 mm); (2) 
with denticulate tip, 0.027-0.072 mm long, the 
most abundant type; (3) anchor-tipped, about 
0.22 mm long, four in a row across the dorsum of 
each abdominal somite I-V, sometimes one on the 
metathorax also. Otherwise similar to the mature 
larva. 

Material studied: numerous larvae from the 
Belgian Congo; labelled var. wasmanni. 


Genus Leptothorax’ Mayr 


Adlerz, 1886: Overwintering larvae appear very 
hairy (p. 52). Larvae hatched at the beginning 
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of July were still not fully grown at the beginning 
of November (p. 53). Internal anatomy (p. 58). 
Occasionally one-hooked hairs occur alongside 
anchor-tipped hairs (p. 258). 

Bischoff, 1927: Die Larven von Leptothorax 
sind “so weit auf die Krepfftitterung durch ihre 
Pflegerinnen eingestellt, dass ihre Mandibeln so 
gut wie funktionlos und unbeweglich geworden 
sind”’ (p. 81).**. . wahrend andere Arten wie 
auch manche Lepthothorax . .. . ihren Larven 
den Inhalt der Infrabuccaltasche, bestehend aus 
den verschiedensten, auch bei gegenseitiger Rein- 
igung aufgeleckten Stoffen, vorlegen”’ (p. 384). 

Donisthorpe, 1915: ‘‘Whitish yellow, slightly 
pyriform, but the posterior segments not much 
wider than the anterior ones, clothed with longer 
and shorter hairs which are more abundant on 
the younger larvae. The first to the sixth ab- 
dominal segments furnished with a pair of long 
anchor-tipped hairs, on the dorsal surface’’ (p. 
146 = 1927, p. 162). 

Forel, 1874, p. 388: “Les larves sont trés 
courtes, €paisses aux deux bouts, raides et 
indistinctement annelées Les larves sont 

extrémement raides, presque incapables de 
remuer méme leur téte.”” In the 1920 edition 
(pp. 265-266) the first sentence reads, ‘Les 
larves sont trés courtes, épaisses aux deux bouts, 
entiérement raides. . . et indistinctement anne- 
lées.”’ 

Forel, 1921: ‘“‘Mais l’extréme le plus complet 
se voit chez les Leptothorax. Ici la larve 
courte et épaisse . . . est entiérement immo- 
bile et raide, incapable de rien manger, ni méme 
de sucer seule; sa téte blanche et indistincte 
ne montre aucune mobilité perceptible des 
mandibules” (p. 24). [But the most extreme 
condition is seen in Leptothorax. Here the 
short, thick larva is entirely stiff and mo- 
tionless, incapable of eating or even sucking on 
its own account. Its white indistinct head shows 
no perceptible mobility in the mandibles”’ (Forel, 
1928, Vol. I. p. 24).] 

Forel, 1922, p. 136: ‘‘Les larves ... de 
quelques Leptothorax sont nourries avec le contenu 
du sac buccal de leurs 8, avec ou sans addition 
de proies fraiches dépecées.”’ [ ‘The larvae . 
of some Leptothorax, are fed with the contents of 
the buccal sac of their 8, with or without the 
addition of freshly-quartered prey” (Forel, 1928, 
Vol. I, p. 516).} 

Gantes, 1949, p. 85: growth data. 

Holgersen (1942, p. 93) has stated that the ant 
Har pagoxenus sublaevis Nyl. feeds upon the larvae 
of Leptothorax. 

Wheeler and Bailey, 1920, p. 255: “The larval 


5In this genus we have followed the subgeneric 
nomenclature of M. R. Smith (PsycHE 57: 29-30, 1950). 
One may convert back to the nomenclature of Emery 
(GENERA INSECTORUM, Fasc. 174, 1922) by changing 
Leptothorax to Mychothorax Ruzsky, Myrafant to Lepto- 
thorax Mayr and Nesomyrmex to Goniothorax Emery. 





1955] Wheeler and Wheeler: 


stomach was found to contain evidence of the 
precise nature of the food. . We have ex- 
amined the larvae of . . . some eight species of 
Leptothorax of the subgenera Leptothorax sens. 
str., Mychothorax and Goniothorax. ... The 
larval stomach is voluminous and closely packed 
with coarse chitinous fragments of small insects 
(Plate I, Fig. 8). In some species of 
Leptothorax the whole contents consist of entire 
or nearly entire legs of small insects. The 
mandibles of the larvae [of the genus Leptothorax] 

are short, broad and stout and therefore 
well-adapted to crushing, so that the coarse frag- 
ments may have been bitten off by the larvae 
from larger pieces or whole insects proffered by 
their worker nurses. The pieces may, however, 
have been cut up to a considerable extent by the 
workers.” 


Subgenus Leptothorax Mayr 


Prothorax and mesothorax forming a_ short 
stout neck, which is curved ventrally to about 
90°; rest of body straight, paunchy and elongate- 
subellipsoidal. Prothorax with a transverse ven- 
tral welt and a pair of ventrolateral bosses. Body 
hairs sparse. Of three types: (1) few, simple, 
very short; (2) short, with denticulate tip, the 
common type; (3) anchor-tipped, on the dorsal 
surface of the abdomen. Head feebly cordate in 
anterior view. Antennae small. Head _ hairs 
moderately numerous (about 65) and short. Pos- 
terior surface of labrum sparsely spinulose. 
Mandibles rather stout; the body slightly curved 
medially and tapering from base to apex, which is 
sharp; a moderately wide blade projects medially 
from the anterior surface and bears two rather 
stout medial teeth. Maxillae with the apex free 
and paraboloidal; palp a stout peg; galea a small 
frustum. 


Leptothorax (Leptothorax) canadensis yankee 
Emery 
Text Fig. 1, A-G 

Prothorax and mesothorax forming a_ short 
stout neck which is curved ventrally to about 90°, 
rest of body straight, paunchy and elongate- 
subellipsoidal; diameter greatest at the fourth ab- 
dominal somite; posterior end narrowly rounded; 
prothorax with a ventral spinulose swelling and a 
pair of ventrolateral bosses. Anus ventral, with 
a small posterior lip. Leg, wing and gonopod 
vestiges present. Segmentation indistinct. First 
spiracle considerably larger than the others, which 
are small. Integument of dorsal surface of 
posterior somites and of midventral surface of an- 
terior somites sparsely spinulose, the spinules 
minute and in transverse rows. Body hairs 
sparse. Of three types: (1) few, simple, very 
short (0.001—0.018 mm); (2) short (0.08—0.108 
mm), with denticulate tip, the most abundant 
type; (3) moderately long (about 0.16 mm), 
anchor-tipped, basal half tortuous and distal half 


Ant Larvae of Myrmicine Tribe 


nearly straight, four in a row across the dorsum 
of each abdominal somite I-VI: the first two 
types lack alveolus and articular membrane. Head 
feebly cordate; cranium subcircular but with the 
occipital border impressed. Antennae small, each 
with three (rarely four) sensilla, each of which 
bears a spinule. Head hairs moderately numer- 
ous, short (0.015—0.049 mm); most hairs simple, a 
few of the longer hairs with bifid tip. Labrum 
bilobed; breadth about 1.5X length; anterior sur- 
face of each lobe with three or four minute hairs 
and four or five sensilla; ventral border of each 
lobe with one isolated and a cluster of three or 
four sensilla; posterior surface sparsely spinulose, 
the spinules minute and in a few scattered short 
transverse rows; each half of posterior surface 
with four isolated sensilla. Mandibles heavily 
sclerotized and rather stout; body of mandible 
slightly curved medially, tapering from base to 
apex and terminating in a rather sharp point; a 
moderately wide medial blade projects from the 
anterior surface, extends the full length of the 
mandible and bears two rather stout medial 
teeth. Maxillae with the apex paraboloidal; palp 
a stout short peg with five apical sensilla; galea a 
small frustum with two apical sensilla. Labial 
palp represented by a cluster of five sensilla; an 
isolated sensillum medial to each palp; opening 
of sericteries a short transverse slit in a shallow 
longitudinal furrow. 

Half-Grown Larva:— Body (except neck) slender 
and subcylindrical with a more or less prominent 
welt across the ventral surface of each thoracic 
somite and abdominal somites I and II. Other- 
wise as in the mature larva. 

Material studied: numerous larvae from North 
Dakota. 


Leptothorax (Leptothorax) canadensis Provancher 
Very similar to subspecies yankee except that 
the anchor-tipped hairs are about 0.23 mm long 
and the mandibles are stouter and have blunter 
teeth. (Material studied: several damaged speci- 
mens from Massachusetts and Washington.) 


Leptothorax (Leptothorax) acervorum (Fabricius) 

Generally similar to canadensis yankee except 
in the following details: Type 2 body hairs with 
denticulate or multifid tip, type 3 about 0.2 mm 
long. Head hairs shorter (0.006—-0.036 mm). 
Posterior surface of labrum with about 12 sen- 
silla. Maxillary palp represented by a cluster of 
five sensilla, galea by two sensilla on a slight 
elevation. Labium with an isolated sensillum 
between each palp and the opening of the serict- 
eries. (Material studied: nine larvae from Swit- 
zerland.) 

Adlerz, 1886, p. 151: “I have at times seen 
how the workers while feeding the larvae play- 
fully deal out bites with the mandibles to right 
and left in a mass of larvae, whereupon the bitten 
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larvae are wont to make known their desire for 
food [by repeatedly moving the head out and in 
or by writhing]. Possibly the workers, by means 
of this strange procedure, discover which larvae 
are in need of food.” (Translation from the 
Swedish by Professor Edith E. Larson.) 

Eidmann, 19438, p. 227: Larvae overwinter in 
the nest. 

Gantes, 1949: “Les larves sont grandes: 4mm. 
25 pour une larve adulte. Le corps est subcyl- 
indrique, avec la téte repliée ventralement: tout 
le corps est arqué et plus svelte que chez les 
formes précédentes. I] est couvert de poils de 
plusieurs types: 1. Poil épineux, trés long, 0 mm. 
25, raide, de plus en plus fin vers l’extrémité; sur le 
dernier quart, il est couvert de petits poils. Ce 
genre se trouve surtout sur . thorax, mais on en 
trouve sur tout le corps. Poil épineux, trés 
court, 0 mm. 10, épineux sur la moitié de sa 
hauteur: répandu sur tout le corps. 3. Poil trés 
court, 0 mm. 087, trapu, le tronc formant des 
épines qui sont elles-mémes recouvertes de poils. 
4. Poils a doubles crochets, trés longs, 0 mm. 25: 
ils sont terminés par un crochet petit et raide; de 
plus ils ne présentent pas de ressort comme les 
précédents et sont en général coudés a 90° sur le 
premier quart de leur longueur. Ils forment six 
rangs de quatre poils a partir du premier segment 
thoracique. 5. Poil trés long, 0 mm. 27. II 
s’éléve droit sur le 4* de sa longueur, puis se 
coude a 90° et de vee paralléle au corps. Vers 
la moitié de sa longueur il est interrompu par 
deux fortes épines du méme cété, puis il devient 
de plus en plus fin et souple. A partir des 
épines, ils portent des petits poils sur un cété 
seulement. Poil de méme longueur, ayant la 
méme allure, mais sans é€pines, ni poils, simp- 
lement l’apex plus large et épineux. 7. Poils 
courts, 0 mm. 069, dont l’extrémité s’aplatit en 
une sorte de spatule couverte d’épines. Je n’en 
ai vu qu’un exemplaire. 8. Poil unique et sur 
une seule larve (il est sans doute dai a une mal- 
formation): d’une base large partent six branches 
d’inégale longueur. 9 et 10. Sur tout le corps, 
nous avons des poils simples et rigides de 0 mm. 
059 et O mm. 027. La téte toujours en poire, est 
couverte de vingt-quatre poils. Le labre est 
formé de deux lobes égaux, un peu plus hauts que 
larges. Ventralement, prés du bord antérieur on 
a cing sensilles paralléles au bord; dorsalement 
sur chaque lobe trois petits poils et deux plus 
grands. Les mandibules, bien chitinisées, de 0 mm. 
115, sont plus simples que dans les cas précédents: 
on a un simple triangle, dont le cété externe est 
plus épais et se termine par une dent; a l’intérieur, 
sur la partie plus claire, deux petites dents formant 
une simple saillie’’ (p.' 82). Pl. V, Fig. VI, 
larva in side view; ten different hairs, PI. V1 
mandible and labrum. Growth data on p. 86. 

Goésswald (1934-35, p. 125) listed this ant as a 
mermithid host. Presumably the nematode lar- 
vae had been parasitic in the ant larvae. 
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Starcke, 1948 (1949), p. 29: ‘‘Fullgrown larva 
Oncochaeta 146-164 Micron, on 6 Ab- 
dominal segments; Acrochaeta 73-100, only on 
the thorax, for the rest only Microch. of 36-55 
Micron. A second larva of this species had 
Oncoch. of 141-150, Acroch. of 80 on the Thorax, 
Microch. of 13-26, Abd. 35. Most of the hair- 
tips of the acervorum-larva are shortly forked for 
only 2 Micron, the hairs on the head being forked 
for even a shorter part.” 


Subgenus Myrafant M. R. Smith 


Plump, subellipsiodal and nearly straight, but 
with the thorax slightly inclined ventrally; head 
anteroventral. Body hairs sparse. Of three 
types: (1) few, simple, very short; (2) short, 
with denticulate tip, on the dorsal surface; (3) 
anchor-tipped, on the dorsal surface of the ab- 
domen. Head subtrapezoidal in anterior view. 
Antennae minute and widely separated. Head 
hairs few (30-45) and minute to short. Posterior 
surface of labrum apparently without spinules. 
Mandibles subtriangular in anterior view; apex 
forming a small acute tooth; anterior surface of 
distal half produced medially into a blade; me- 
dial edge of blade highly variable, with rounded 
denticles or with small teeth. Maxillae small 
and appearing adnate to the head; palp repre- 
sented by a minute cluster of four or five sensilla; 
galea by a minute cluster of two sensilla. 


Leptothorax (Myrafant) ambiguus Emery 
Text Fig. 1, H-N 


Mature Larva:—Length about 1.6mm. Plump; 
subellipsoidal; nearly straight, but with the pro- 
thorax slightly inclined ventrally; diameter great- 
est at the third abdominal somite; head antero- 
ventral. Anus ventral. Segmentation indis- 
tinct. Leg vestiges present. First spiracle con- 
siderably larger than the others, which are small. 
Integument of ventral surface of anterior somites 
sparsely spinulose, the spinules minute and in 
short transverse rows. Body hairs sparse; ventro- 
lateral surfaces naked. Hairs of three types: (1) 
simple, very short (0.006—-0.027 mm), a few on 
the ventral surface; (2) short (0.018- 0.09 mm), 
with denticulate tip, a few on the dorsal surface, 
mostly without alveolus and articular membrane; 
(3) moderately long (about 0.18 mm), anchor- 
tipped, with tortuous shaft, four in a row across 
the dorsum of each abdominal somite I-V. 
Cranium subtrapezoidal in anterior view, nar- 
rowed ventrally, a third broader than long. 
Antennae widely separated and minute, each 
with three sensilla, each of which bears a spinule. 
Head hairs few, minute to short (0.001—0.045 mm), 
simple or with the tip denticulate. Labrum short 
and broad (breadth 2.7X length); subrectangu- 
lar, with the ventral corners rounded and the 
ventral border feebly concave; anterior surface 
with ten minute hairs; ventral border with two 
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isolated sensilla and two clusters of three sensilla 
each; posterior surface with about ten sensilla 
(rarely three in a cluster), but apparently without 
spinules. Mandibles moderately sclerotized and 
subtriangular in anterior view; apex forming a 
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contiguous sensilla. Labial palp represented by a 
cluster of four sensilla; opening of sericteries a 
short transverse slit. 

Just Hatched Larva:—Length about 0.6 mm. 
Head on the anterior end. Without hairs, but 


Leptothorax (Leptothorax) canadensis yankee Emery, Figs. A-G.—A, head in anterior view, X111; B, left 
mandible in anterior view, X270; C-E, three types of body hairs, X343; F, mature larva in side view, X29; G, 


immature larva in side view, X29. 


Leptothorax (Myrafant) ambiguus Emery, Figs. H-N.— H, head in anterior view, X153; I, left mandible in 
anterior view, X405; J-L, three types of body hairs, X270; M, mature larva in side view, X47; N, very young 


larva in side view, X47. 


small acute apical tooth; the anterior surface of 
the distal half produced medially into a blade, 
the medial edge of which is highly variable, with 
rounded denticles or with small teeth. Maxillae 
small, appearing adnate; palp represented by a 
cluster of four sensilla; galea represented by two 


with the dorsal surface of the abdomen densely 
beset with coarse, isolated spinules. 

Young Larva:—Length about 1.1 mm. Like 
mature larva. 

Material studied: numerous larvae from North 
Dakota; workers identified by Dr. M. R. Smith. 
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Leptothorax (Myrafant) congruus F. Smith 


Young Larva:—Similar to young of ambiguus 
except in the following characters: Simple body 
hairs shorter. Integument apparently without 
spinules. Blade of mandible with a rather large 
acute tooth. (Material studied: seven larvae 
from Japan, courtesy of Cho Teranishi.) 


Leptothorax (Myrafant) exilis Emery 


Menozzi, 1936: “Larva matura dell’operaia- 
Colore biancastro, col capo leggermente melleo, 
le mandibole di colore crema, ocracee nel terzo 
distale; setole biancastre. I] capo visto di faccia 
appare pit alto che largo. II cranio é un poco 
pit largo che lungo, coi lati nettamente pit arro- 
tondati del margine posteriore e fornito di setole 
semplici distribuite come appare dalla figura 
citata. Le placche antennali sono piuttosto 
piccole e fornite ciascuna di tre sensilli. II 
clipeo, non distinto posteriormente dal resto del 
cranio, ha il margine anteriore troncato. II 
labbro superiore é subrettangolare, del doppio pit 
largo che lungo, coi lati diritti, gli angoli anteriori 
arrotondati, col margine libero leggermente crenu- 
lato e provvisto di 6 setole; nella faccia ventrale 
di esso, nel terzo distale, vi sono alcune serie di 
formazioni tegumentali poste trasversalmente, 
scostate l’una dall’altra e i cui elementi appaiono 
come delle squame a forma semilunare, lungo il 
margine anteriore vi é inoltre una diecina di 
sensilli. Le mandibole sono piuttosto gracili, 
lunghe un poco meno del doppio della loro larg- 
hezza prossimale, col margine esterno leggermente 
concavo nel mezzo e con quello orale fornito di 
tre denti, di cui l’apicale bene sviluppato e 
aguzzo, mentre gli altri due sono poco pronunziati 
ed ottusi. Mascelle con cardine e stipite ben 
distinti l’uno dall’altro; quest’ultimo appare della 
solita forma, perO molto pit stretto e pit corto 
del cardine, senza setole o peluzzi e provvisto 
apicalmente di una placca (processo distale mas- 
cellare) con tre sensilli alla quale segue, posterior- 
mente, l’altra placca del palpo mascellare che ha 
quattro sensilli. Labbro inferiore pressapoco 
cosi lungo che largo, col margine anteriore 
arrotondato; le placche corrispondenti ai palpi 
labiali sono alquanto pit grandi di quelle dei 
palpi mascellari, provviste di cinque sensilli 
ciascuna e contornate anteriormente da tre 
setolette, per lo pit, rivolte all’indietro. [1] corpo 
€ fornito di setolette subtroncate all’apice o bifide, 
distribuite con una certa regolarita come appare 
dalla figura; le aptochete sono in numero di 3-4 e 
poste, tanto nella larva adulta che giovane, 
solamente al dorso del segmento metatoracico e 
dei primi quattro uriti. Sistema tracheale eguale 
a quello della larva del L. rottenbergi var. galatica 
Sants. Lunghezza della larva adulta mm. 2,5” 
(pp. 288-289). Fig. XII on p. 288: 1, mature 
worker larva in side view; 2, head in anterior 
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view; 3, mandible: 4, anchor-tipped hair. Men- 


ozzi assigned this ant to “‘var. darii For.” 


Leptothorax (Myrafant) longispinosus Roger 


Apparently similar to ambiguus. (Material 
studied: two damaged integuments from New 
York.) 


Leptothorax (Myrafant) obturator Wheeler 


Similar to ambiguus except in the following de- 
tails: Body hairs somewhat shorter. Integument 
of dorsal surface with a few minute isolated 
spinules. Head hairs all simple. Anterior sur- 
face of labrum with six minute hairs. Blade of 
mandible with two prominent sharp-pointed me- 
dial teeth. Maxillary palp represented by a 
cluster of five sensilla. Labial palp represented 
by a cluster of five sensilla; an isolated sensillum 
between each palp and the opening of the seric- 
teries. (Material studied: nine integuments from 
Texas.) 


Leptothorax (Myrafant) rottenbergi semiruber 
Ern. André 


Menozzi, 1936: “Larva adulta dell’ operaia. 
Di colore biancastro, col capo leggermente melleo 
ferrugineo, le mandibole di colore crema e ocracee 
distalmente. Setole biancastre. La forma del 
corpo é subcilindrica coi segmenti poco distinti. 
Nell’ultimo urite, nella regione ventrale, é bene 
accennato una convessita trasversale, nel mezzo 
della quale s’apre lo sbocco dell’estremita pos- 
teriore dell’intestino. Il capo é molto piccolo 
e€ apparentemente non diviso dal segmento del 
protorace. I] cranio é nettamente trasversale, 
coi lati e il margine posteriore ampiamente ar- 
rotondati, la sua superficie é cosparsa di parecchie 
setole semplici distribuite come appare nella figura 
citata. Le antenne sono formate da due distinte 
placchette ovali, aventi il diametro longitudinale 
del doppio pit: lungo di quello trasversale e fornite 
ciascuna di tre sensilli. I] clipeo é troncato anteri- 
ormente e senza limite ben definito posterior- 
mente. I] labbro superiore ha forma semilunare; 
dorsalmente é@ fornito di una mezza dozzina di 
peluzzi distribuiti in due serie obliquolongitud- 
inali; ventralmente esso mostra soltanto una 
diecina di sensilli placoidei situati nella zona 
mediana del margine anteriore. Le mandibole 
sono del doppio pit lunghe che larghe, provviste 
di tre denti, di cui i due primi (apicale e sub- 
apicale) sono ben sporgenti ed acuti, mentre il 
terzo € poco accennato. Le mascelle hanno lo 
stipite di forma pressapoco ovale e pitt lungo che 
largo, fornito subapicalmente di due peluzzi e di 
due placche delle quali l’anteriore, da riferirsi al 
processo distale mascellare, ha forma arrotondata 
e porta due sensilli, mentre la seconda, riferible al 
palpo mascellare, é ovale, assai pill grande e porta 
quattro sensilli. Labbro inferiore con la parte 
anteriore fortemente trasversa e col margine 
arrotondato; i palpi labiali sono rappresentati da 


ye Rae di ici anger ne shi 0 





Wheeler and Wheeler: 


1955] 


due placche rotonde, pitt grande di quelle dei palpi 
mascellari e fornite ognuna di cinque sensilli. 
Davanti a ciascuna di queste placche, nella larva 
adulta esistono tre peluzzi che mancano nelle 
larve giovani. Tutto il corpo é provvisto di 
numerose setolette troncate all’apice o bifide, 
distribuite, almeno apparentemente, senza alcun 
ordine, e tanto nella larva giovane che adulta di 
un gruppo di 3-4 aptochete poste al dorso del 
segmento metatoracico e dei primi cinque uriti. 
Sistema tracheale olopneustico con 10 paia di 
spiracoli. Lunghezza della larva adulta mm. 3, 
2” (pp. 286-287). Fig. XI on p. 287: 1, mature 
worker larva; 2, head in anterior view; 3, 
mandible; 4, anchor-tipped hair. Menozzi as- 
signed this ant to ‘‘var, galatica Sants.”’ 


Leptothorax (Myrafant) rugatulus brunnescens 
Wheeler 

Very similar to ambiguus except in the follow- 
ing characters: Simple and denticulate body 
hairs shorter. Integument of dorsal surface of 
posterior abdominal somites with a few minute 
isolated spinules. Head hairs simple or with the 
tip bifid. Blade of mandible narrower and bear- 
ing a short stout medial tooth. Maxillary and 
labial palps each represented by a cluster of five 
sensilla. (Material studied: nine larvae from 
North Dakota.) 


Leptothorax (Myrafant) tuberum (Fabricius) 

Gésswald (1930, p. 17 and 1934-35, p. 125) has 
listed ‘uberum (and some of its varieties) as 
mermithid hosts. Presumably the nematode 
larvae had been parasitic in the ant larvae. 


Leptothorax (Myrafant) tuberum interruptus 
(Schenck) 
Donisthorpe, 1915 and 1927, Pl. II: photograph 
of a larva in side view. 
Goésswald (1934-35, p. 125) listed this ant as a 
mermithid host. Scaicadbhs the nematode 
larvae had been parasitic in the ant larvae. 


Leptothorax (Myrafant) tuberum unifasciatus 
(Latreille) 
Similar to ambiguus except in the following 


details: Head hairs all simple. Mandibles with 
the blade somewhat longer and bearing one blunt 
medial tooth. Labial palp represented by a 
cluster of five sensilla; an isolated sensillum be- 
tween each palp and the opening of the sericteries. 
(Material studied: a dozen larvae from Switzer- 
land.) 

Gosswald (1934-35, p. 125) has listed this ant 
as a mermithid host. Presumably the nematode 
larva had been parasitic in the ant larva. 


Subgenus Nesomyrmex Wheeler 
Body hairs moderately numerous. Of two 
types: (1) very short, with finely denticulate tip; 
(2) anchor-tipped, on the dorsal surface of the 
abdomen. Head feebly cordate. Head hairs 
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numerous (about 80) and short. Posterior sur- 
face of labrum apparently without spinules. 
Mandibles rather stout; the body slightly curved 
medially and tapering from base to apex, which 
is sharp; a wide blade projects medially from 
the anterior surface and bears two long stout 
sharp-pointed teeth. Maxillae with the apex free 
and paraboloidal; palp a stout peg; galea a small 
frustum. 


Leptothorax (Nesomyrmex) echinatinodis Forel 


Apparently similar to canadensis yankee except 
in the following characters: Body hairs moder- 
ately numerous. Of two types: (1) very short 
(0.018-0.036 mm), with finely denticulate tip, 
generally distributed; (2) about 0.18 mm long, 
anchor-tipped, with tortuous shaft, four in a 
row across the dorsum of each abdominal somite 
I-V. Head hairs numerous, 0.009-0.036 mm. long, 
simple or with the tip denticulate. Anterior 
surface of labrum with 6-10 simple (or with 
denticulate tip) very short (0.009-0.018 mm) 
hairs, ventral border of each lobe with two 
isolated and a cluster of three or four sensilla. 
Mandibles with a wider blade and with the teeth 
more sharply pointed. (Material studied: four 
damaged integuments from Costa Rica). 


Subgenus Temnothorax Mayr 

Leptothorax (Temnothorax) arenarius Santschi 

Santschi, 1908: ‘‘Les larves présentent une 
particularité remarquable: au lieu d’étre déposées 
en paquets ou en tas plus ou moins irréguliers, 
comme c’est généralement le cas chez les autres 
Fourmis, les larves de cette espéce sont suspendues 
avec ordre contre les parois verticales du nid. 
Voici comment j’ai observé cette facon de faire. 
Dans un nid artificiel, consistant en un simple 
flacon de verre, assez large, j’avais réuni: 1° un 
peu de sable provenant du nid naturel; 2° quelques 
feuilles de papier a filtrer imbibées d’eau et 
arrangées les unes verticales, les autres horizon- 
tales; 3° une vingtaine d’ouvriéres et leur couvain. 
Or dés le premier jour presque toutes les larves 
se trouvaient étre appliquées réguli¢rement contre 
les feuilles de papier verticales. Seules, quelques 
larves (celles qui étaient au point de subir la 
nymphose) demeuraient étalées sur le sol. C’est 
par le dos que les larves adhéraient contre la 
paroi de papier, comme si elles y étaient sus- 
pendues la téte en haut et la bouche en avant, 
cété a cdté, dans un certain ordre. Chaque fois 
que je les déplagais ou couchais la feuille de 
papier, les ouvriéres les transportaient sur une 
autre feuille encore debout, ou, Adéfaut de quoi, 
contre une petite paroi de sable qu’elles avaient 
construite. En examinant ces larves de plus prés, 
on découvre aussitét la raison de cette curieuse 
disposition; elle est due a certains poils raides, 
conformés et distribués d’une facon spéciale; 
il y en a de trois sortes, que je nommerai: 1° 
poils longs ou a crochets; 2° poils moyens ou 
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ramifiés; 3° poils courts ou bifurqués. Long de 0,3 
mill., le poil a crochet présente deux parties dis- 
tinctes, de longueur a peu prés égale. La partie 
basale, contournée en demi-cercle, forme une 
espéce de boucle plus ou moins ouverte en arriére 
(parfois aussi elle est enroulée en hélice comme un 
ressort 4 boudin) et se continue avec la portion dis- 
tale, laquelle est rigide, assez rectiligne et terminée 
par un petit crochet arrondi et trés pointu a son 
extrémité qui est dirigée en arriére. Au nombre 
constant de neuf, ils forment trois faisceaux de 
trois poils chacun et toujours placés sur le bord 
antérieur de la face dorsale d’un des trois premiers 
segments abdominaux. Le premier groupe sur le 
premier segment abdominal (4° segment en 
comptant les trois segments thoraciques); les 
deux autres groupes sur les segments suivants, 
soit les 2° et 3° abdominaux. Les trois poils 
d’un faisceau sont insérés sur une ligne droite, 
transverse, et distants les uns des autres de la 
moitié de leur longueur. L’insertion du_ poil 
central se trouve toujours exactement sur la 
ligne médiane de l’insecte. Les poils moyens ou 
ramifiés ont l’aspect de petites épingles implantées 
dans le tégument. La téte ou extrémité libre est 
représentée par de petites ramifications dicho- 
tomiques, plus ou moins réguliéres, qui se termin- 
ent par quatre a huit bouts. La longueur de ces 
soies varie entre 0,1 A 0,22 mill.; les plus courtes 
sont plutét distribuées sur les deux premiers 
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nombreuses, puisqu’on peut en compter six a 
huit, tandis qu’il n’y en a qu’un a quatre sur les 
autres segments. Ceux qui portent les poils a 
crochets n’en ont tantét pas, tantdt une seule; 
c’est alors la plus longue soie; celle-ci est im- 
plantée un peu en arriére des poils a crochets, 
tandis qu’ailleurs les insertions se trouvent plutdét 
vers le bord antérieur des segments. [Ils ne sont 
distribués que sur la face dorsale de la larve. Les 
petits poils bifurqués se répandent au contraire a 
profusion sur tout le tégument. Leur extrémité 
est simplement bifide, trés courte et leur longueur 
totale est de 0,06 mill. Ils représentent la 
pilosité ordinaire de la larve, aux dépens de 
laquelle les deux autres espéces de poils se sont 
probablement différenciées. [Il est naturel de 
déduire que c’est grace a ces poils a crochets que 
la larve peut rester suspendue aux parois du nid. 
La direction arriére de la pointe des crochets 
indique bien aussi qu’elle doit étre suspendue la 
téte en haut. Mais en outre il est intéressant de 
remarquer l’utilité de la partie contournée de la 
base du poil, partie que j’appellerai Je ressort, en 
raison de la fonction modératice des tractions 
exercées sur l’implantation du poil. Grace a 
l’allongement possible de cet organe, la traction 
peut étre répartie d’une facon plus uniforme sur 
tous les poils. Ainsi, tous les crochets pouvant 
étre utilisés, il en résulte plus de solidité et plus 
de bien-étre pour l’insecte. Quant aux poils 
ramifiés, ils me paraissent devoir isoler les 
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téguments larvaires des parois du nid, et servir en 
quelque sorte de préservatifs contre l’humidité et 
contre certains parasites’ (pp. 528-530). Fig. 
10 on p. 529: a, larva in side view, X37; 8, ar- 
rangement of larvae on the wall of the nest. 
(Referred to by Bernard, 1948, p. 179.) 


Genus Harpagoxenus Forel 


Body hairs moderately numerous. Of two 
types: (1) short to moderately long, stiff and 
stout, with short-bifid or short-trifid tip; (2) 
anchor-tipped, on the dorsal surface of the ab- 
domen. Antennae minute. Head hairs numer- 
ous (about 90) and minute. Posterior surface of 
labrum apparently without spinules. Mandibles 
stout; subtriangular in anterior view; with a 
blade projecting medially from the anterior sur- 
face and extending nearly the entire length; apex 
forming a sharp tooth, which is slightly curved 
medially; blade bearing one short stout medial 
tooth. Maxillae with the cardo swollen later- 
ally; stipes distinct, elliptical, very small and ap- 
parently adnate to the labium; palp represented 
by a minute cluster of five sensilla, galea by a 
minute cluster of two sensilla. 


Harpagoxenus americanus Emery 
Pl. I, Figs. 24-29 


Immature Larva:—Length about 2.2 mm. 
Plump; diameter greatest at the middle; decreas- 
ing slightly toward either end; prothorax in- 
clined ventrally, rest of body straight. Anus 
ventral, with a posterior lip. Somites indistinct. 
Mesothoracic spiracle considerably larger than 
the others, which are small. Integument of dorsal 
surface of posterior somites with rather numerous 
transverse rows of spinules. Body hairs moder- 
ately numerous. Of two types: (1) short to 
moderately long (0.018—0.126 mm), longest an- 
teriorly and dorsally, stiff and stout, with short- 
bifid or short-trifid tip; (2) anchor-tipped, about 
0.18 mm, with the basal half sinuate, four in a 
row across the dorsum of each abdominal somite 
I-V. Cranium subtrapezoidal in anterior view, 
slightly broader than long, somewhat narrowed 
ventrally. Antennae minute, each with three 
(rarely two) sensilla, each of which bears a 
spinule. Head hairs numerous, minute (0.003- 
0.009 mm), simple. Labrum feebly bilobed; 
breadth twice the length; anterior surface with 
12-14 minute hairs; ventral border of each lobe 
with one isolated sensillum and a cluster of four 
sensilla; posterior surface of each lobe with three 
isolated and two contiguous sensilla. Mandibles 
moderately sclerotized; stout ; subtriangular in an- 
terior view, with a blade projecting medially 
from the anterior surface and extending nearly 
the entire length; apex forming a sharp tooth, 
which is slightly curved medially; blade bearing 
one short stout medial tooth. Maxillae with the 
cardo swollen laterally; stipes distinct, very small, 
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elliptical and apparently adnate to the labium; 
palp minute, represented by a cluster of five 
sensilla; galea minute, represented by two con- 
tiguous sensilla. Labial palp represented by a 
cluster of five sensilla; an isolated sensillum be- 
tween each palp and the opening of the seric- 
teries; the latter a short transverse slit. (Mate- 
rial studied: numerous larvae from New York, 
courtesy of Dr. W. S. Creighton.) 
Wesson, 1939, p. 100-101: ‘On the arrival of 
warm weather in the spring, the americanus brood 
is represented by a variable number of small 
iarvae, that are rather uniform in size. 
These larvae, initially of a yellowish tinge and 

rarying from one-third to one-tenth the bulk of 
a curvis pinosus worker, developed uniformly, there 
being usually a spread of ten to twelve days be- 
tween the pupation of the first and last larvae. 
The duration of the developmental periods was 
determined in the artificial nests to be approxi- 
mately as follows: Length of semi-pupal stage, 
six to eight days; length of pupal stage, thirteen 
to fourteen days for males, fourteen to seventeen 
days for females and workers. No new 
larvae or eggs appeared in the nests until the 
overwintered larvae were pupating. . When 
the larvae are pupating, eggs begin to appear in 
numbers and continue to do so for several weeks; 
then their production rapidly tapers off. The 
larvae that hatch from these eggs grow quite 
slowly and seldom attain any size during the 
summer and fall. . Thus during the summer 
and fall the brood comes to consist of a number 
of larvae, fairly uniform in size, which pass the 
winter in that stage, shrinking somewhat in bulk, 
and appearing in the spring as the spring brood 
discussed above. The length of the larval period 
is, therefore, somewhat less than one year.”’ 


Harpagoxenus sublaevis (Nylander) 


Adlerz, 1886: A few single-hooked hairs were 
mixed among the more numerous anchor-tipped 
hairs—also all possible transitional shapes (pp. 
51 and 258). Internal anatomy pp. 58 and 60. 
“The larvae have strongly chitinized and large 
mouth parts. The ventral surface lacks hairs, at 
least in the larger larvae. The dorsal hairs are 
similar to those of Formicoxenus larvae, with the 
exception of the wool-hairs, which have ends of 
many different kinds. Some have simple ends; 
the majority, however, have double ends, as with 
other Myrmicidae. Between these extremes are 
found various transitional forms. Some have 
deeply divided ends, as with Anergates larvae’ 
(p. 267-268). (Translation from the Swedish by 
Professor Edith E. Larson.) Pl. VII, Fig. 9: a 
crude drawing of the mouth parts in anterior 
view. The generic name Tomognathus was used. 

Adlerz, 1896: “A short time after hatching 
[the larvae] swell out to noticeably larger dimen- 
sions than the eggs, which without question, de- 
pends upon the fact that the collapsed tracheal 
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tubes fill with air. The head is relatively very 
large and especially clearly delimited on the 
newly hatched larvae. The dorsal surface al- 
ready has long hairs. In Swedish Ants I have 
called attention to the hair forms which in most 
cases are characteristic for the species. Especi- 
ally are myrmicids distinguished from campono- 
tids by means of their wooly hairs which are 
divided at the ends into two branches. In this 
connection it should be noted that Tomognathus 
| = Harpagoxenus | and Leptothorax sometimes 
have a few wooly hairs without divided ends 
among the more numerous ones with divided ends. 
In contrast I must point out that the certainly 
meaningless difference which I have thought I 
found between the shorter hair of Tomognathus 
and Leptothorax is not constant. To be sure, | 
have on one Tomognathus larva (hatched from a 
T. laid egg) noticed wooly hairs which were 
particularly deeply divided at the tip to form 
two long points. This hair-form was not found 
on any Leptothorax larva, but since this hair-form 
even in 7. larvae is unusual it cannot be reliably 
used for distinguishing the larvae. In addition, 
as the over-all body form appears to be exactly 
the same as in the acervorum group and in both 
species larvae have toothed and otherwise simi- 
larly formed mandibles, I see at present, no possi- 
bility of distinguishing them from one another. 
This situation depends upon the close relation- 
ship between these two species, which is evident 
in the anatomy of the fully developed ants, both 
externally and internally. Likewise, in addition, 
I believe that the great similarity which I have 
called attention to between such otherwise unlike 
ants as Tetramorium and Anergates must indicate 
a close relationship between these latter. 

“The universal situation—which I have pre- 
viously described—is that the ant larvae are fed 
exclusively with liquid food which is brought up 
from the stomachs of the workers. This is not 
quite the case with 7 omognathus and Leptothorax 
larvae, and surely a more careful observation will 
give the same result for other ants which live 
off of animal food. The ant larvae, which are 
stored for food, are killed by the workers in such 
a way that the integument is bitten hard by the 
mandibles and punctured, and the juices sucked 
up. But the empty, and to outward appearance, 
dry remains are not discarded but torn into small 
pieces. These pieces are held in front of the 
mouths of the larvae, which are usually lying on 
their backs, at which time their mouth parts 
start working in a lively fashion. As soon as the 
ant notices this she usually loosens her grip, and 
the larva now continues with a gluttonous ap- 
petite to chew up its piece of skin which visibly 
becomes smaller and shortly vanishes entirely. 
During the continued chewing the ant larva 
handily turns the firmly held piece at its con- 
venience. Without question it is the muscular 
maxillae and the short, branched palps of the 
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lower lip which function for holding and turning. 
Even the shed cuticle of the pupating larvae is 
conserved by the workers in the most careful 
manner and is rationed out as food for the re- 
maining larvae. Even at such happy times for 
the community as a pupa’s change to an imago 
extra food was provided for the larvae in that 
these then were allowed to feast on small pieces 
of skin shed by their earlier metamorphosed 
brothers and sisters. One can hardly believe that 
this chitinous skin is nutritious food. At one 
time I even saw a worker offer a larva an egg- 
shell which had recently lost its inhabitant. This 
was not taken by the larva, however. Certainly 
eggs were often destroyed by workers but they 
were not given directly to larvae. In contrast, 
I saw on a couple of occasions Tomognathus 
workers which grabbed newly hatched larvae and 
offered them as food to the older larvae, in the 
usual manner, holding them in front of their 
mouths. My Yomognathus—Leptotherax commu- 
nities ate flies also. It was especially the thoracic 
musculature which was conserved and used as 
food for the larvae. Often larger or smaller 


pieces of the chitinous thoracic skeleton were 
torn away attached to the muscle, which did not 
seem to prove a handicap to the larvae but were 
likewise consumed. The most prized food seemed 
to be larvae of their own kind. In contrast, 
they would not consume larvae or pupae of 


Formica or Lasius. The larvae or pupze of 
Leptothorax which were stored for food were usu- 
ally killed; otherwise they were adopted among 
the community’s own larvae. This happened, for 
example, with a tuberum larva, which for a long 
time was raised in a Yomognathus-Leptothorax 
community, later pupated and at last metamor- 
phosed to a small ‘uberum worker. It behaved as 
if it had been in its own community, fed and 
cleaned the larvae, and without fear consorted 
with its large companions, among whom it 
seemed to arouse a certain notice because of its 
different appearance”’ (pp. 35-38). (Translation 
from the Swedish by Professor Edith E. Larson.) 
The preceding quotation is summarized in French 
on page 75. The following is based on the French 
summary (pp. 75-76) of material on pages 35 and 
38-41: The egg stage varies from 25 to 35 days, 
depending on the temperature. When the meco- 
nium is evacuated the semipupal stage begins; it 
lasts 4-14 days, depending on the temperature. 
The workers assist in the evacuation, but do not 
eat the meconium. The pupal stage lasts 10-25 
days for males and 12-26 days for females, 
depending on the temperature. 

Wheeler, 1910, p. 493, discussing Adlerz, 1896: 
“Tt seems probable, therefore, that this ant de- 
pends on its slaves for the nurture of its young. 
. . . The larvae of sublaevis are so much like 
those of their hosts that he could not distinguish 
them. They are nourished both with regurgitated 
liquid food and with pieces of insects, a method of 
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larval feeding which was also observed by 
Viehmeyer.”’ 

Adlerz has stressed his inability to distinguish 
the larvae of Harpagoxenus sublaevis from those 
of its host. By contrast we have found that in 
our material the larvae of H. americanus are 
sasily separated from those of its host, Leptothorax 
longispinosus Roger, by the number and shape of 
body hairs, the number and size of head hairs 
and by the shape of mandibles and maxillae. 


Genus Formicoxenus Mayr 
Formicoxenus nitidulus (Nylander) 


Adlerz, 1886: “The hairs of both dorsal and 
ventral surfaces are approximately as long and 
branched in the same way: either with the ends 
shortly two-branched and the branches with or 
without spines, or also with simple aculeate ends 
(the latter hair-form is less common). Anchor- 
tipped hairs [ ‘“‘ullhar’’ | of the usual form numer- 
ous in young larvae, very few in older larvae’’ 
(p. 266). (Translation from the Swedish by Pro- 
fessor Edith E. Larson.) Internal anatomy p. 
58. Pl. VII, Fig. 1, larva (without hairs) in side 
view; Fig. 2, three hair tips; Fig. 3, tip of anchor- 
tipped hair. 


Genus Epimyrma Emery 
Epimyrma gosswaldi Menozzi 
Gésswald (1934-35, p. 125) has recorded this 
ant as a mermithid host. Presumably the 
nematode larva had been parasitic in the ant 
larva. 


Genus Rogeria Emery 


Head cordate. Antenna minute. Head hairs 
few (about 14). Posterior surface of labrum with 
numerous spinules. Mandibles long and slender; 
apex forming a long sharp-pointed tooth, which 
is strongly curved medially; with a narrow blade 
projecting medially from the anterior surface and 
bearing two long coarse subapical medial teeth. 
Maxillae narrow, with the apex conoidal; palp a 
short frustum; galea a frustum. Anterior surface 
of the labium with numerous spinules. Hypo- 
pharynx with numerous longitudinal ridges. 


Rogeria stigmatica sublevinodis Emery 
Pl. I, Figs. 22-23 

Head cordate; cranium slightly broader than 
long. Antennae minute, each with three sensilla, 
each of which bears a spinule. Head hairs few. 
Labrum bilobed; short and broad (width 2.6X 
length); anterior surface of each lobe with four or 
five sensilla; ventral border of each lobe with two 
contiguous sensilla and numerous short rows of 
spinules; posterior surface of each lobe with one 
isolated and two contiguous sensilla and with 
numerous spinules in short rows. Mandibles 
heavily sclerotized, long and slender; apex form- 
ing a long sharp-pointed tooth which is strongly 
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curved medially; with a narrow blade projecting 
medially from the anterior surface and bearing 
two long coarse subapical medial teeth. Maxillae 
narrow; apex conoidal; palp a stout frustum bear- 
ing four sensilla (two large and encapsulated, two 
small and each bearing a spinule) ; galea a slightly 
longer frustum with two apical sensilla. Anterior 
surface of labium with numerous transverse rows 
of minute spinules; palp a short peg narrowed at 
the base; opening of the sericteries a short trans- 
verse slit. Each half of hypopharynx with nu- 
merous longitudinal ridges. (Material studied: 
four damaged heads from the Fiji Islands). 


Genus Apsychomyrmex Wheeler 


Anterior half strongly curved ventrally; poster- 
ior half nearly straight; diameter increasing 
rapidly to the metathorax, decreasing to ab- 
dominal somite II, increasing again to VI(?’) 
then decreasing rapidly to the posterior end. 
Body hairs moderately numerous, with short base 
and 2-4 long fine lash-like branches. Head long, 
narrow and subcylindrical. Cranium subtrapezoi- 
dal in anterior view, narrowed ventrally its 
breadth 34 the length. Antennae small, each 
with two sensilla. Head hairs few (about 14). 
Posterior surface of labrum spinulose. Mandibles 


long and narrow; apical tooth rather stout, sharp- 
pointed and strongly curved medially; near the 


apical tooth a series of four or five small blunt 
medial denticles. Maxillae with the apex free 
and conoidal; palp a tall frustum; galea a tall 
frustum. 


Apsychomyrmex myops Wheeler 
Pl. I, Figs. 16-21 


Anterior half strongly curved ventrally; posteri- 
or half nearly straight ; diameter increasing rapidly 
to the metathorax, decreasing to abdominal 
somite II, increasing again to VI(?), then de- 
creasing rapidly to the posterior end, which is 
round. Body hairs moderately numerous, about 
0.08 mm long, with short base and 2-4 long 
fine lash-like branches. Head long, narrow and 
subcylindrical; breadth of cranium about three- 
fourths the length; subtrapezoidal in anterior 
view, narrowed ventrally. Antennae small, each 
with two sensilla, each of which bears a spinule. 
Head hairs few. Labrum subtrapezoidal but with 
the ventral corners rounded, narrowed ventrally; 
anterior surface with two sensilla; ventral border 
with six sensilla; posterior surface spinulose and 
with two clusters of three sensilla each. Mandi- 
bles rather large, long and narrow; apical tooth 
rather stout, sharp-pointed and strongly curved 
medially; near the apical tooth a series of four or 
five small blunt medial denticles. Maxillae with 
the apex conoidal; palp a tall frustum bearing 
five sensilla; galea a tall frustum with two apical 
sensilla. Labial palp with five sensilla. (Ma- 
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terial studied: a single damaged semipupa (?) 
from Honduras.) 

This larva resembles much more closely the 
larva of Myrmecina in the tnbe Myrmecinini 
than it does the larvae of other Leptothoracini. 
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STUDIES ON THE CULICOIDES OF BAKER COUNTY, GEORGIA 
(DIPTERA, HELEIDAE) 


I. PRELIMINARY SURVEY AND OBSERVATIONS! 


ROGER W. WILLIAMS 
Communicable Disease Center, Public Health Service, Department of Health, Education, and Welfare, 
Atlanta, Georgia; Emory University Field Station, Newton, Georgia; and School of Public Health 
of the Faculty of Medicine, Columbia University, New York City 


No comprehensive studies have been conducted 
previously in Georgia on the haematophagous 
flies of the genus Culicoides, vectors of filariid 
parasites and virus diseases of man and animals 
in various parts of the world. This investiga- 
tion was initiated to determine what species occur 
in southwestern Georgia, to obtain as much infor- 
mation as possible on the bionomics of the re- 
spective species, and to attempt to establish 
laboratory colonies so that disease transmission 
studies might be conducted and adults might be 
associated with their immature stages. A start 
was made on August 4, 1952, by initiating studies 
to determine the species in the area and conduct- 
ing investigations on the biology of several of 
these species. 

LIGHT TRAP STUDIES 

A 50-foot tower, for mosquito studies, had been 
constructed in a wooded area near the edge of 
Mossy Pond, Baker Co., Georgia. A series of 
light traps at 6, 25, and 40 feet had been set up 
on this tower to operate automatically, one at 
each level, between the hours of 6 and 9 PM, 9 
and 12 PM, 12 and 3 AM, and 3 and 6 AM. 
From the insect catch, the nocturnal activity in 
time and space could be determined for any 
particular group caught in the traps. Similar 
traps had been set up at 6 and 25 feet in an 
open field a few hundred feet from the pond. All 
traps were operated several nights each week and 
the catches examined for adult Culicoides. Col- 
lection data are summarized in Table I. The 
following observations were made. 

1. No Culicoides were found in any of the 
traps operating in the open field on several nights 
when large catches were obtained in the wooded 
area; therefore, these traps were dropped from 
observation. 

2. Of the total number of adults collected from 
the traps on the tower approximately 34 percent 
were C. haematopotus Malloch, 30 percent C. 
stellifer Coquillett, 15 percent C. arboricola Root 
and Hoffman, 13 percent C. crepuscularis Malloch, 
4 percent C. venustus Hoffman, and 2 percent C. 
villosipennis Root and Hoffman, C. guttipennis 
Coquillett, C. obsoletus Meigen, and Culicoides sp. 
unknown (according to Dr. W. W. Wirth of the 


‘Thanks are due to Miss Jane Wise for technical assist- 
ance and to Dr. W. W. Wirth and Dr. Harry Pratt for 
identification and confirmation of certain specimens. 


debilipalpis group) each representing less than 1 
percent of the specimens collected. This is the 
first record of C. obsoletus from southwestern 
Georgia. 

3. Only 20 males (5 percent of the total catch), 
(representing 4 species) were collected in the traps. 

4. Although adults were caught at all hours 
from 6 PM to 6 AM, the peak of activity was 
reached between the hours of 9 and 12 PM except 
on one night of relatively heavy rainfall between 
the hours of 7 PM and midnight. On this night 
(August 28, 1952) the catch between the hours of 
6 PM and 9 PM was greater than from 9 to 12PM. 
On other nights when there was rainfall early in 
the evening, the catch from 6 to 9 PM would 
approach the catch from 9 to 12 PM. During 
the 9 to 12 PM period, 51.13 percent of all species 
were captured, 29 percent between 6 and 9 PM, 
13 percent between 12 and 3 AM, and 7 percent 
between 3 and 6 AM. 

5. Of all species collected 44 percent were 
taken at the 6-foot level, 15 percent at the 25-foot 
level, and 40 percent at the 40-foot level. 

6. A considerably greater number of C. 
arboricola were collected at the 6-foot level than 
at the 40-foot level, whereas the reverse was true 
with C. venustus and C. crepuscularis. Later 
studies may disclose the reliability of these ap- 
parent differences. 

7. The dates when each species was last col- 
lected in light traps are given in Table II. C. 
haematopotus and C. crepuscularis were the last 
species to be collected, each being taken through- 
out December, 1952, and each being taken for 
the last time on January 7, 1953. These two 
species were also the first to appear in the 1953 
season, being taken together on March 3, 1953. 

A single light trap was operated, at about a 4- 
foot level, at the edge of a wooded area at the 
laboratory. From this trap, C. haematopotus, C. 
stellifer, C. arboricola, C. villosipennis, C. guttipen- 
nis,and C. nanus Root and Hoffman were recover- 
ed. This is the first report of C. nanus appearing 
in south Georgia although it has been found in 
Atlanta, Georgia, and in north Florida (Foote and 
Pratt), so its presence here was to be expected. 


DISCUSSIONS OF LIGHT TRAP FINDINGS 


The total number of adult Culicoides (397) col- 
lected in light traps at Mossy Pond was very low. 
The populations of all species were so low that no 
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adults were ever observed in nature other than 
those collected in recovery cages as they emerged 
from their breeding grounds. An all-night vigil 
(6 PM to 7 AM) at Mossy Pond, using human 
bait and light to attract adult Culicoides, resulted 
in failure to obtain any specimens. The years 
1951 and 1952 were exceedingly dry and many 
ponds dried up completely. Mossy Pond was 
dry in 1951. This drought may have prevented 
breeding of some species and may have materially 
reduced the populations of others. Further, this 
investigation was not started until relatively late 
in the summer and peak populations for most 
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seem to indicate that a population peak of C. 
stellifer was reached, sometime before this study 
began, which was considerably greater than the 
peak of C. haematopotus at that time or since that 
time, and that the greater number of C. stellifer 
caught represented a residual of that peak. It 
may also be possible that light may hold a greater 
attraction for C. stellifer than for C. haematopotus. 

Parker (1949) studying the daily variation of a 
number of British species of Culicoides found that 
for any given species the evening flight always oc- 
curred at approximately the same time in relation 
to sunset. As the sun set earlier the activity 


TABLE I 


NUMBER OF Culicoides ADULTS BY SPECIES CAPTURED AT VARIOUS HEIGHTS DURING DIFFERENT TIME 


INTERVALS IN LiGHT TRAPs AT Mossy Ponp, BAKER Co., GEORGIA, AUG. 4, 1952 


JAN. 7, 1953 


SPECIES OF Culicoides AND NUMBER OF SPECIMENS COLLECTED 


| 


TIME: OF 
TRAP 
OPERATION 


HEIGHT OF | 
TRAP IN 
FEET 


crepuscularis 


haemato potus 


arboricola 


6-9 PM 
9-12 PM 
12-3 AM 
3-6 AM 
Total 

6 PM-6 AM 


— 


does | 
No 100 


wo 
= 


6-9 PM 

9-12 PM 

12-3 AM 

3-6 AM 
Total 

6 PM-6 AM 
6-9 PM 
9-12 PM 
12-3 AM 
3-6 AM 

Total 

| 6 PM-6 AM | 

Total number collected 


Percent of total collection 


Number of Males 


species had probably passed. There was evidence 
to indicate that this may have been true with C. 
stellifer. The last adults of this species were col- 
lected in recovery cages more than a month be- 
fore the last C. haematopotus were recovered. 
Further C. haematopotus emerged at a rate con- 
siderably better than 2:1 over C. stellifer during 
the latter part of August and September. In 
spite of these circumstances, the number of C. 
stellifer collected in the light traps far exceeded 
C. haematopotus until the middle of October, fully 
three weeks after the last C. stellifer had emerged 
in the recovery cages. This phenomenon would 


| 


time interval 
ch height 


villosipennis 
gullipennis 


Total catch 


ohsoletus 


Ca 


—bDok © 


4 
1] 


161 


115 203 53 26 397 


29 5113 7 


20 


periods also advanced and on cloudy days periods 
of activity would be earlier than on sunny days. 
The activity of C. tristriatulus Hoffman in Alaska 
is also related to light intensity (Williams, 1951). 
If the light trap studies reported here are an 
actual indication of the true nocturnal activity of 
these several species, it may be said that their 
activity is not influenced by sunlight. As in- 
dicated, more than 51 percent were captured be- 
tween the hours of 9 and 12 PM irrespective of 
time of sunset. However, rainfall in the early 
evening would stimulate them to early activity. 
It can be noted from Table I that 24 C. stellifer 





Annals Entomological Society of America 


were captured at the 6-foot level between 6 and 
9 PM. Sixteen of these 24 were taken on one 
night when there was heavy precipitation between 
7 and 9 PM, while the remaining 8 were captured 
over a period of about three months— thus the 
explanation as to why twice as many C. stellifer 
were taken between 6 and 9 PM as were captured 
between 9 and 12 PM at this 6-foot level. 

Kettle (1951) found that C. impunctatus Goet. 
had a self-imposed flight ‘“‘ceiling’”’ of little more 
than 10 feet. Here we found 6 species flying at 
least 40 feet, the leaf canopy being considerably 
below this altitude. However, it is possible that 
they may have been attracted to this elevation 
by the lights and do not normally fly at this level. 
Future studies may disclose whether 40 feet may 
be considered a true altitude of flight. 


TABLE II 


DaTEsS OF LATEST COLLECTION OF Culicoides SPECIES 
DURING THE PERIOD oF AuGUsT 4, 1952 TO JANUARY 7, 
1953 NEAR NEWTON, GEORGIA AND LAsT DATES OF 
AcTIVITY REPORTED BY FOOTE AND PRATT 


LATEST DATES OF ACTIVITY 


Observed in 
present study 


Reported 
by Foote 
and 
Pratt 


Species 


arboricola Aug. 8 ; 
bauert . Sept. 16 . 20 
crepuscularis . Sept. 4 7 (of follow- 
ing calen- 
dar year) 
Aug. 31 A Se 
7 (of follow- 
ing calen- 
dar year) 
nanus . July > 19-24 
. obsoletus Oct. 14 
’. stellifer Aug. re Oe 
travist... July 9-13 
". venustus . Dec. . 18 
villosipennis Sept. 23 
sp. unknown . 24 
(debilipal pis 
group 


guttipennis 
haematopotus Sept. 14 


*Species newly recorded for this area. 

Species of Culicoides reported from Newton, Georgia, 
not found during this study, but which were caught in 
light traps during March and April, 1953. 

C. biguttatus Coq. Collected March 31, 1953. 

C. piliferus R. & H. Collected March 30, 1953. 


C. venustus did not appear in the light traps 
until October 7 and the last specimen was taken 
on November 18, 1952. This species has been 
reported from Florida in December and January 
(Foote & Pratt). Fox (1952) reported that C. 
inamolla Fox & Hoffman favors late fall and 
winter in Puerto Rico and other species have been 
reported to have a seasonal variation in accord 
with C. venustus. 
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It is of interest that Khalaf (1952) also found C. 
haematopotus and C. crepuscularis to be the last 
two species collected in a light trap, in the year 
1947, on the Wichita Refuge, Oklahoma. 


BREEDING AREAS AND ADULT EMERGENCE STUDIES 


Four localities representing four distinct types 
of ecological habitats were selected for placing 
adult recovery cages which trap adults as they 
emerge from the soil (See Dove, Hall, and Hull, 
1932, for structure of cages). ‘These were the 
Ichaway-Notchaway Slough, Springfield Pond, 
Mossy Pond, and DeSoto White Springs. Re- 
covery cages were placed in these areas between 
August 22 and 26. 

Ichaway-Notchaway Slough. Near the labora- 
tory is a cypress slough in a relatively thickly 
wooded area which fluctuates in water level with 
that of the Ichaway-Notchaway Creek flowing a 
few hundred feet away on the far side of a small 
ridge. Most of the recovery cages were placed 
in areas of moist mud but where there was no 
standing water. Adults were trapped for several 
days before rising water covered the soil surface 
several inches deep in the areas where the traps 
were placed. Adults were captured when water 
covered this area for the next two weeks and for 
nearly a month after the water had receded. 
One trap was placed where water had been stand- 
ing for an unknown length of time, probably for 
at least six weeks; one adult was recovered in 
this trap. 

No vegetation was growing in the immediate 
area where the traps were placed. The soil, how- 
ever, was composed largely of decaying leaves and 
roots. Table III presents certain ecological ob- 
servations on this and the other habitats studied. 
The soil temperature could fluctuate rapidly for 
on at least one occasion there was an increase of 9 
degrees in three days’ time. 

Two species, C. haematopotus (47 females and 
25 males) and C. stellifer (32 females and 13 
males, were recovered from this slough. The last 
specimen of the former species was taken during 
the period from October 9 to 13, 1952, while the 
last specimen of the latter species was recovered 
between September 25 and 29, 1952. The largest 
number collected from any one trap, which 
covered an area of 4 square feet, was 42, 20 of 
them being C. haematopotus and 22 being C. 
stellifer. 

Springfield Pond. This pond was entirely dry 
and had been so for some months. Traps were 
placed in this pond basin to determine if Culicoides 
larvae might migrate deeper into the ground as 
the water table is lowered. No adults were re- 
covered during a 3-week period so no further 
investigation was made. 

Mossy Pond. The water level in this pond is 
dependent entirely upon rainfall in the immediate 
area. In 1951 it was completely dry, and in 
1952 was at a low level. This level fluctuated 5 
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or 6 inches which made a considerable difference 
in the total area covered by water around the 
pond edge. Vegetation grew profusely for many 
feet around the edge. Recovery cages were 
placed in areas where Polygonum setaceum (water 
smartweed), Saururus cernuus (lizard’s tail), 
Riccia fluitans, and Ricciocarpus natans (liver- 
worts) were growing in abundance and where the 
sun would fall directly on them for a considerable 
period of time each day. There did not appear 
to be a significant difference between the number 
of adults recovered in areas below water level and 
from those above water level. Soil temperatures 
and pH readings for this pond are given in Table 
II. 

Again, C. haematopotus (130 females and 81 
males) and C. stellifer (13 females and 10 males) 
were the only species captured. The last speci- 
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soil was rich in decaying leaves and contained 
roots from nearby trees. Soil temperatures and 
pH readings are given in Table II. 

Four species of Culicoides were recovered from 
this locality in both of the two trap locations. 
These were C. baueri? Hoffman (48 females and 43 
males), C. travist Vargas (9 females, 4 males), C. 
haematopotus (13 females, 9 males), and C. stelli- 
fer (3 females). A single male specimen of 
C. obsoletus’ was recovered in a cage from above 
stream level between September 8 and 11, 1952. 
The last C. baueri was recovered between October 
20 and 23, 1952, the last C. travisi and C. haem- 
alopotus between October 9 and 13, 1952, and the 
last C. stellifer between October 2 and 6, 1952. 
The largest number taken from any one cage was 
63, representing 51 C. baueri, 8 C. haematopotus, 
3 C. travisi, and 1 C. stellifer. C. baueri had never 


TABLE III 


ECOLOGICAL OBSERVATIONS ON CERTAIN Culicoides BREEDING Hasitats. Aug. 1952—Jan. 1953 


Sori, TEMPERATURE IN DEGREES 


AREAS F. 3” BELOW SURFACE 


| At Time 
Last Adults | 
Maximum) Recovered | Minumum) Range of pH 


STUDIED 


Ichaway- 
Notchaway 
Slough 


Mossy Pond | 


| 


DeSoto 
White 
Springs 


men of the former species was captured between 
October 30 and November 4, 1952, and the last 
specimen of C. stellifer was taken between 
September 22 and 25, 1952. One trap which was 
moved on October 3, 1952 caught nothing until 
October 13, 1952. Between that date and No- 
vember 4, 1952, 97 females and 56 males of C. 
haematopotus were recovered, the largest number 
(71) being taken between October 16 and 20, 1952. 

DeSoto White Springs. Thisareaisfed constant- 
ly by groundwater flow through a limestone deposit. 
The water from the spring flows into a thickly 
wooded area. Recovery cages were placed along 
the low margins of the stream. Other cages were 
placed above the stream level, in an area of wet 
soil fed by a small spring arising from the side of a 
hill a few feet away. No vegetation grew in 
areas where the cages were placed although the 


Species of 
Culicoides 
Rece vered 


Other Observations 


haematopotus 
stellifer 


Shaded area. No veg- 
etation where recov- 
ery cages placed. 


Recovery cages placed haemato potus 
| in bright sunlight—in 
abundant growth of 
| smartweed, lizard’s 


tail and liverworts. 


stellifer 


Shaded area. No veg- ”. bauert 

etation where recov- *, travist 

ery cages placed. *. haematopotus 
stellifer 
obsoletus 


before been reported south of Baltimore, Mary- 
land. Nothing was previously known of its breed- 
ing habitat nor that of C. travisi (Foote and 
Pratt). 


DISCUSSIONS OF RECOVERY CAGE FINDINGS 

As evidence from this investigation, C. stellifer 
and C. haematopotus have become adapted to a 
wide range of ecological conditions which no 
doubt accounts for their wide geographical dis- 
tribution in the United States. Wirth (1952) 


2Dr. W. W. Wirth reported, by personal communica- 
tion, that these C. bauert have well developed pale bands 
near the apices of the hind femora and tibia which are 
not characteristic of this species. He suggested that the 
legs are variable within this species. 

Dr. Wirth reported that this single specimen was 
apparently C. obsoletus. 
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reports that the larvae of C. stellifer have been 
found in the ooze from tree wounds in California. 

The explosive emergence of C. haematopotus in 
one cage at Mossy Pond late in the season may 
indicate that these adults had developed from a 
single batch of eggs. If so, it would be possible 
for a single female of this species to deposit a 
batch of 153 eggs. 

C. haematopotus was taken for the last time in 
recovery cages between October 30 and November 
11, 1952, and last in light traps on January 7, 
1953, at Mossy Pond. The number of days be- 
tween these dates, 60+, may represent roughly 
the length of adult life for this species under the 
climatic conditions found at this time of year. 
C. stellifer was last found in recovery cages be- 
tween September 22 and 25, 1952, and in light 
traps last on November 5, 1952, which may in- 
dicate that this species possibly has a somewhat 
shorter adult life of approximately 40 days during 
this season of the year. 


LARVAL RECOVERY STUDIES 


Of the species of Culicoides recovered in light 
traps, C. arboricola, C. guttipennis, C. nanus, and 
C. villosipennis are known to be tree-hole breeders. 
No tree holes were found which contained water, 
but 15 dry samples of tree-hole material were 
brought to the laboratory, submerged, and ex- 
amined for larvae. Two Culicoides larvae were 
isolated from a single sample which was slightly 
damp upon removal from the tree. Other 
samples from the same tree hole were obtained 
but no more larvae were recovered. The fact 
that tree-hole breeding adults were captured in 
light traps and that two living larvae were found 
in dry tree-hole material indicates that some 
species of Culicoides can mature under relatively 
dry conditions. 5 

Reports indicate that soil breeding Culicoides 
are found, for the most part, in the top 2 inches. 
One-hundred and seventy-seven samples from 
known breeding areas were brought into the 
laboratory and placed in ‘“‘isolation units’’ (see 
Dove, Hull, and Hall, 1932, for discussion of 
technique). Four heleid larvae were isolated from 
a single soil sample of about 500 cc. Three died 
as larvae and the fourth pupated before dying. 
This pupa was not of the genus Culicoides. Five 
samples, including the one from which four larvae 
had been found by the “‘isolation’’ technique, 
were washed on a muslin sieve, a small quantity 
at a time. No more larvae were recovered. 
Either they were being missed or they were not 
present. Ifthey were being missed, the technique 
was unsatisfactory. If none were present in one 
sample because all had been recovered by a less 
time consuming technique, then the original tech- 
nique was superior. Therefore, future samples 
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were studied by the original ‘‘isolation’’ method, 
but no more larvae were ever recovered. With 
the aid of a posthole digger 10 samples were 
taken at a depth of from 2 to 15 inches. No 
larvae were recovered by the isolation technique. 
Ten more samples, of from 400 to 500 cc., were 
taken at depths of from 0 to 19 inches. It was 
at this 19-inch level below ground surface that 
water was found in the Ichaway-Notchaway 
Slough at this time. These samples were care- 
fully sifted over a tight muslin cloth with the aid 
of a slow stream of water. No larvae were 
found in any sample. 

Failure to find numbers of Culicoides larvae 
may possibly be explained by the relatively low 
populations and the relatively small surface area 
studied. The use of different techniques in the 
future may disclose whether or not this explana- 
tion 1s correct. 


SUMMARY 


Studies were initiated to determine what species 
of Culicoides are present in Baker Co., Georgia, 
and investigations on the natural biology of 
several species were undertaken. Although the 
time spent was restricted and the season of the 
year when it was undertaken was during a period 
when the adult populations were very low, a 
considerable amount of unknewn biology was elu- 
cidated; four species previously unknown to this 
area were found; and in the case of most species 
recovered, new activity dates in time were 
recorded. 
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MODIFICATIONS IN FECUNDITY AND LIFE SPAN OF DROSOPHILA 
MELANOGASTER MEIGEN FOLLOWING SUBLETHAL EXPOSURE TO 
AN INSECTICIDE! 


HERBERT KNUTSON? 


University of Rhode Island, Kingston 


During recent years entomologists have be- 
come more concerned about the fate of insects 
which survive exposure to insecticides. Most 
investigations have been directed toward the 
problem of increased insecticide resistance being 
developed by some insects. The present paper 
is a report on the first of a series of studies on 
the relatively uninvestigated aspect of the prob- 
lem involving the effect of recently developed 
insecticides on the reproductive rate and _ life 
span of insects surviving insecticide exposure. 

Previous studies on effects of insecticides on 
reproductive rate and life span have dealt pri- 
marily with general systemic poisons such as 
stomach poisons and gases, rather than with 
contact poisons. Ferguson (1942), using basic 
copper arsenate on sixth instar larvae of the 
Southern armyworm, Prodenia eridania Cram., 
found that the weight loss, duration of recovery 
period, and maximum weight obtained by larvae 
were roughly proportional to the dosage of 
poison given. He found that although growth 
rate following recovery was somewhat reduced 
and pupal rates were reduced, prepupal and pupal 
mortality was negligible and duration of the pupal 
stage was not affected. Moths from larvae 
which had survived the insecticide laid a reduced 
number of eggs but the percentage of hatch was 
near normal. He believed that the smaller size 
of these moths might have been the explanation 
for reduced egg production, rather than the after 
effects of the insecticide. Kalina (1950), when 
rearing larvae of Drosophila melanogaster in a 
medium containing 5 parts per million DDT, 
found egg production, hatching, larval develop- 
ment and the early stages of pupation to be 
normal, but development was somewhat slower 
than in the controls. However, adults usually 
failed to emerge and those which did emerge 
showed characteristic evidence of DDT poisoning 


1 “‘Recrystallized’’ Dieldrin, sample, No. 3219, Julius 
Hyman Co. 

2Now at Kansas State College, Manhattan. Research 
done at the Department of Zoology, University of Rhode 
Island, Kingston. Study supported in part by a grant 
by the Division of Research Grants, National Institutes 
of Health, National Microbiological Institute, Project 
E-357 (C), and by a Grant-in-aid by the Dean, College 
of Arts and Sciences, University of Rhode Island. 
Technical assistance of Eugene Bell and Walter J. 
Brown, Jr., is acknowledged. 


and soon died. Speyer (1924), Kalandadze 
(1927), and Friederichs and Steiner (1930) noted 
increased pupal mortality and partial or com- 
plete sterility in lepidopterous adults as the 
result of arsenical poisoning of the larvae. Mann 
(1923) found that arsenic, when added to the 
banana-agar medium of D. melanogaster, reduced 
the number of offspring per female to 137 as 
compared to 206 in the controls. Johansson 
(1950), using Tribolium confusum Duval, found 
that high sublethal doses of sodium fluoride in 
the flour reduced initial egg production, but later 
egg production increased until it reached normal 
or greater numbers. Low sublethal doses stimu- 
lated increased egg production. The hatching 


rate was not affected. A few papers have dealt 
with fumigants, such as that of Parkin (1946) 
who found no appreciable injury to the repro- 
ductive organs of surviving females of Calandra 
granaria following exposure to a 3:1 mixture of 


ethylene dichloride and tetra chlorethylene in 
which a 95 percent mortality was attained. 
Some papers have dealt with contact in- 
secticides. Kartmann and da Silveira (1946) 
found that an extremely short contact with DDT 
residues is sufficient to inhibit most Anopheles 
gambiae Giles females from taking a blood meal 
at between 1 and 2 hours after contact. Smith 
(1946) noted that adult Mysus persicae (Sulz.) 
affected by DDT gave birth to living offspring 
for as long as 3 days following treatment, even 
though the adults had dropped from the host 
plants and their bodies were shriveled for lack 
of food. Sun (1945) found that reproduction in 
a bean aphid, Aphis rumicis L., gradually de- 
creased with each added increment of rotenone 
in a dust mixture. However, mature females 
treated with low concentrations of rotenone 
produced more young than control aphids which 
were dusted with talc. Velsicol (AR-60)-talc 
dusts tended to inhibit reproduction. Tenhet 
(1947) found that sublethal dosages of pyrethrum 
caused a rapid knockdown of the cigarette 
beetle, Lasioderma serricorne (F.), but many re- 
covered. Those surviving exposure consistently 
deposited about hali as many eggs as normal. 


MATERIALS AND METHODS 


Wild flies collected at Kingston, Rhode Island, 
were cultured on a corn meal-molasses medium. 
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Virgin female adults and male adults 1 to 2 days 
old were separated into lots of 20 each and ex- 
posed to Dieldrin for a sufficient time and con- 
centration to produce a 66 to 99 percent mortality. 
Details of exposure technique have already been 
described by Knutson (1953). Control flies were 
treated in like manner except that the Dieldrin 
was omitted. A temperature of 25° C., a relative 
humidity at or near 100 percent, and an abund- 
ance of food were maintained at all times. 


Fic. 1. Molasses-agar medium with counted eggs 
being transferred from bottle cap to petri dish con- 
taining agar-molasses medium seeded with yeast. 


The flies were held for 3 days following ex- 
posure, since 1t was discovered that all appreciable 
mortality resulting from exposure to Dieldrin 
occurs within this period. At the end of 3 days 
the flies were divided into pairs, a male and a 
female, and each pair placed in e pint milk 
bottle. A heated molasses-agar medium was 
poured on the inner surface of the bottle cap. 


Fic. 2. Mature larvae being flooded out of medium, 
counted, and transferred to shell vial (Figure 3). 


This medium gelled immediately, and to it yeast 
and water were added as a source of food and also 
as an oviposition site. At the end of each 24 
hours, until all oviposition had ceased, a new 
cap with molasses-agar medium with water and 
yeast was substituted for the old one containing 
eggs. The eggs were then’ counted and the 
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medium with eggs was transferred with a section 
lifter (Figure 1) from the milk bottle cap to a 
petri dish previously prepared by pouring identi- 
cal molasses-agar medium with Moldex (5 
cc./1000 cc. of medium) into the dish. The 
medium was liberally sprinkled with yeast and a 
few drops of distilled water were added. 
Resulting larvae were counted on the fifth day, 
at which time they were generally in the third 
instar (Figure 2) but in a few instances some 
had pupated. Larvae were driven out of the 
medium by one of two methods. When larvae 
were not to be reared further, the petri dishes 
were heated to a high temperature for several 
minutes. When larvae were to be reared on to 
adults, the surface was flooded with water, forc- 
ing the larvae up for air, and the larvae were 
removed from the flooded petri dish by a medicine 
dropper. They were transferred (Figure 3) to 
shell vials, 25 mm in diameter and 95 mm in 
length, containing a gelled agar-molasses-moldex 
slant seeded with a few grains of yeast. Enough 


Fic. 3. Shell vial with mature larvae ready to 
pupate. Insert in lower right corner shows subsequent 
pupation on cotton plug (enlarged). 


water was transferred with the larvae to activate 
the yeast and maintain a high humidity. Larvae 
were transferred 20 toa vial. Vials were stoppered 
with a plug of absorbent cotton which was kept 
slightly moist. Thereafter, counts of each vial 
population were made daily of larvae, pupae, and 
adults, until all adult emergence had occurred. 
The Chi-square criterion was used to determine 
the significance of the difference between the 
number of progeny produced by the Dieldrin- 
exposed and the control flies. 


RESULTS AND DISCUSSION 


The first series of experiments involved 73 
pairs of Dieldrin exposed and 73 pairs of control 
flies. These were carried through the complete 
procedure described above and results are given 
in Table 1. Increases in progeny of the Dieldrin- 
exposed flies over the control flies were 7.6 per- 
cent for eggs, 5.6 percent for larvae, 5.7 percent 
for pupae, and 5.8 percent for adults. The 
percentages of increase of pupae and adults were 
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not significantly different from that of the larvae, 
indicating that the increase in productivity in 
the Dieldrin-exposed flies virtually occurred prior 
to pupation. Consequently, the progeny of the 
remaining 219 pairs of Dieldrin-exposed and con- 
trol flies were carried only to the mature larval 
stage. 


TABLE I 


ACTUAL PROGENY OF 73 MALES AND 73 FEMALES SURVIVING 
EXPOSURE TO DIELDRIN AND 73 MALES AND 73 FEMALES 
SERVING As CONTROLS 


EcGcs LARVAE PUPAE ADULTS 


48,162 27,003 25,830 24,290 
28,522 27,301 25,702 


Control.. 
Dieldrin-exposed . 51,817 
( increase over 


controls... 7.6 5.6 5.7 5.8 


Figure 4 summarizes the actual number of eggs 
and actual number of surviving larvae produced 
during the life span of all 292 flies which survived 
exposure to Dieldrin, as compared to all 292 
control flies. The total number of eggs produced 
by the Dieldrin-exposed flies was 207,268 as 
compared to 192,648 in the controls, or 7.6% 
more eggs than the controls. The numbers of 
surviving larvae were respectively, 114,088 and 


Eees 
_—DIELORIN-EXPOSED (ToTAL: 207,208) 
, S CONTROL (ToTaL: 192,640) 


1 semen umeds\ 


DIELORIN~ i .\ 
(rota, « 14,088) . 
3000. 
CONTROL so \ 4 
2000 (TOTAL 108,012) \ 


or 
ACTUAL SUCCESSIVE DAILY COUNT 


Fic. 4. Eggs and larvae actually produced by 292 
flies exposed to Dieldrin and by 292 control flies, on 
successive days throughout productive life. The counts 
of mature larvae were actually made on the fifth day 
following the egg counts, but are plotted so that each 
daily egg count and count of resulting mature larvae 
correspond. 


TABLE 


Life Span of Drosophila a7 


108,012; the Dieldrin-exposed group produced 
5.6% more larvae than did the controls. This 
modification in the normal reproductive rate, as 
shown by the curves in Figure 4, did not always 
maintain a uniform level throughout the life of 
the flies. Although the number of eggs laid by the 
Dieldrin-exposed and the control flies, and the 
resulting larvae, were about the same during the 
first two days, from the third day until the end 
of the fourth week the egg production in the 
Dieldrin-exposed flies exceeded that of the con- 
trols. The same trend is shown in the relative 
number of larvae produced, except for a very 
slight reversal at the end of the third week. 
During the first part of the fifth week the eggs 
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2 =. - 
CALCULATED SUCCESSIVE DAILY COUNT 
Fic. 5. Calculated number of eggs and corresponding 
larvae to have been expected if all parent flies had sur- 
vived 9 to 10 weeks of productive life, based upon the 
average number of eggs and resulting larvae produced 
each day by the remaining, living flies. 


and larvae of the controls exceeded those of the 
Dieldrin-exposed flies, a trend which continued 
until the end of the seventh week. During the 
eighth and ninth weeks, the last 2 weeks of pro- 
ductive life, the egg production was about equal 
between the controls and the Dieldrin-exposed 
flies. However, after the seventh week no larvae 
developed from eggs of the Dieldrin-exposed flies 
and no larvae developed from eggs of the controls 
after the eighth week. The number of larvae 
produced by the controls during the eighth week 
was so small that it was insignificant as far as 
total numbers were concerned. 


II 


NUMBER OF DEAD FEMALE FLIES AT THE END OF EACH WEEK FROM 
INITIAL MATING UNTIL Repropuc TION HAD CEASED 


Days 
Number of dead Dieldrin-exposed 


Number of dead control flies 
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Although the total numbers of eggs and larvae 
produced by the Dieldrin-exposed flies were 7.6 
and 5.6 percent greater, respectively, the aver- 
age number of eggs laid per day per fly by the 
Dieldrin-exposed flies was actually a little less 
than 1 percent greater than that of the control 
flies and the corresponding average number of 
resulting larvae per day per fly produced by the 
Dieldrin-exposed flies was about 1.3 percent less 
than that of the control flies. The reason for the 
slightly greater total progeny actually produced 
by Dieldrin-exposed flies was therefore not be- 
cause of stimulation to a greater number of 
progeny per unit of time, but rather because the 
Dieldrin apparently tended to kill off a slightly 
larger proportion of the flies with a shorter life 
span. The Dieldrin-surviving flies generally had 
a longer life span than the controls and therefore 
had a longer time in which to reproduce, as sum- 
marized in Table 2, which gives the number of 
dead female flies at the end of each week from 
initial mating until all reproduction has ceased. 
During most of the first 2 weeks mortality was 
greater in the Dieldrin-exposed flies but it was 
substantially less during the following four weeks. 
Fifty percent of the control flies had died by the 
thirty-first day, while 50 percent of the Dieldrin- 
exposed flies had not died until the thirty-seventh 
day. 

Figure 5 makes it possible to compare = per 
day per fly production with that of the dctual 
production shown in Figure 4. Calculations were 
made of the number of offspring which could‘ have 
been expected if all parent flies had survived 9 
to 10 weeks of productive life, based e the 
average number of eggs and resulting larvae 
produced each day by the remaining, living flies. 
The calculated total number of eggs to have been 
expected from the Dieldrin-exposed flies was 
270,544 as compared to 268,072 in the controls, 
or 0.9 percent more eggs than the controls. The 
calculated total numbers of surviving larvae to 
have been expected were, respectively, 136,052 
and 137,774 or about 1.3 percent less larvae than 
the controls. A comparison of the calculated 
number of eggs and resulting larvae during each 
successive day (Figure 5) and the actual succes- 
sive daily count (Figure 4) shows a general 
similarity in trend, with some slight deviations in 
the per day per fly production rate from that of 
the actual production rate. Egg production was 
about the same during the first two or three days, 
but production by the Dieldrin-exposed flies on a 
per day per fly basis was relatively greater during 
the last part of the first week and the first part 
of the second week. From the middle of the 
second week until the end of the fourth week, the 
per day per fly trend was similar to that of 
actual progeny production. From the end of the 
fourth week until the end of the seventh week, the 
per day per fly production was lower in the 
case of the Dieldrin-exposed flies. From the 
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beginning of the eighth week, until the end of 
production, the Dieldrin-exposed flies again ex- 
ceeded the controls on a per day per fly basis. 
A similar trend is shown by the larvae, with the 
exception of some increase on a per day per fly 
basis during the third day and during the seventh 
and eighth weeks when larval production was 
either terminated or insignificant. 

No significant difference was obtained in 
length of the various life history stages between 
the progeny of Dieldrin-exposed flies and those of 
the control flies. 

The results reported herein cannot be in- 
terpreted as indicative of an adverse character- 
istic of the insecticide used. The occurrence of a 
slightly greater longevity among Drosophila with 
greater natural resistance to an insecticide is not 
unexpected and probably occurs when the flies 
are exposed to many other insecticides. Further- 
more, from the economic standpoint, the im- 
portant thing is whether or not this characteristic 
of slightly longer life span is carried over to 
subsequent generations, because even if progeny 
production of the relatively few survivors of the 
exposed generation is increased slightly, the large 
segment of the population killed by the insecti- 
cide and its potential progeny greatly exceeds the 
slight increase in reproductive rate of the sur- 
vivors. Whether increased longevity occurs in 
subsequent generations and whether the results 
obtained in this study apply to other strains of 
D. melanogaster or to other species of insects is 
also yet to be determined. Several of these 
points are now under investigation. 


SUMMARY 


Adult D. melanogaster, 1 to 2 days old, were 
exposed to Dieldrin for a sufficient time and con- 
centration to produce a 66 to 99 percent mortality. 
Survivors were mated at the end of three days, 
when all appreciable mortality resulting from the 
insecticide had occurred. Daily records were 
kept of number of eggs laid, and larval, pupal, 
and adult survival of their progeny. 

Dieldrin-exposed flies produced 7.6 percent 
more eggs, 5.6 percent more larvae, 5.7 percent 
more pupae, and 5.8 percent more adults than 
control flies. This increased rate of progeny 
production by the Dieldrin-exposed flies generally 
was manifested by an increase in egg production 
from the third day until the end of the fourth 
week following initial mating and oviposition ; dur- 
ing the fifth, sixth, and seventh weeks egg produc- 
tivity was slightly less than the controls. The 
average number of eggs laid per day per fly by 
Dieldrin-exposed flies was, however, only about 
0.9 percent greater than that of the control flies 
and the corresponding average number of result- 
ing larvae per day per fly from the Dieldrin- 
exposed flies was actually about 1.3 percent less 
than that of the control flies. The greater total 
progeny from the Dieldrin-exposed flies resulted 
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not because of stimulation of greater progeny 
production per given unit of time, but apparently 
because these flies lived longer than the control 
flies and therefore had a longer time in which to 
reproduce. The per day per fly production 
rate of offspring of Dieldrin-exposed flies and the 
controls was generally similar in trend to the 
actual production rate throughout productive 
life, although the Dieldrin-exposed flies showed an 
increase over the controls during the last part of 
the first week and the first part of the second 
week, and the controls exceeded the Dieldrin- 
exposed flies from the end of the fourth week until 
the end of the seventh week. 
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DEFERRED OVIPOSITION IN AEDES AEGYPTI (LINNAEUS) 
(DIPTERA: CULICIDAE) 


PAUL A. WOKE 
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National Institutes of Health, National Microbiological Institute'!, Bethesda, Maryland 


Aédes aegypti (Linnaeus) usually produces a 
“batch” of eggs after each meal of vertebrate 
blood. The individual eggs of a batch develop 
at the same time and are all deposited normally 
within the succeeding few days on the surface of 
water or on water-moistened materials. Viability 
of the deposited eggs usually approaches 100 
percent. 

Under conditions which appear suitable for 
oviposition, fully formed eggs occasionally re- 
main in the ovaries. Also, but infrequently, 
deposited eggs are defective in that they fail to 
attain normal size and pigmentation and/or are 
broken. In one of our earlier experiments the 
last surviving female, on the 126th day after her 
emergence and immediately before her death, 
deposited the remainder of her eggs which con- 
sisted of 25 fragmented chorions and 23 whole 
chorions. The latter were normal in length but 
shrunken, and many were split. None hatched. 


‘Laboratory of Tropical Diseases. 


This mosquito had had the opportunity to take 
blood-meals from a rabbit two and three times 
weekly throughout life and to deposit eggs at all 
times. Incomplete eggs such as those laid by 
this female, incidently, may often account for the 
supposed infertility of eggs laid by older females. 

Common experience and published reports 
(Fielding, 1919) indicate that fully formed eggs 
may not be desposited in the absence of water or a 
moist surface. Fielding expresses the belief that 
the gravid female will retain her eggs until her 
death or until the conditions become favorable 
for oviposition. The disappearance of oviposi- 
tion sites, which occurs naturally during periods 
of drought and with design during times of 
planned elimination of breeding places in control 
operations, would then lead to postponement of 
the deposition of eggs for indefinite periods. 
Likewise, experimental procedures which fail to 
provide suitable conditions for egg-laying would 
lead to similar delay in deposition. 

I know of no report on the question of the 
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long-range consequences of deferred oviposition 
in Aédes aegypti. The subject is touched upon in 
the case of the Phycitid moth, Ephestia kiihniella 


Zeller, in which Norris (1932, 1933) found that. 


long-retained eggs were tightly packed in the 
ovarioles, that they overlapped, and that they were 
sometimes pressed completely out of normal 
shape. In a more advantageous position are 
certain members of the parasitic Hymenoptera, 
which not only limit egg-deposition to a narrow 
range of insect hosts, but which also limit the 
number of eggs deposited on each individual 
host (Flanders, 1942, 1950). Although oégenesis in 
these insects may be continuous and proceeding 
at a constant rate, suitable hosts may be scarce. 
Thus many formed eggs are delayed in being 
deposited, or will remain undeposited. Odsorp- 
tion prior to ovulation, or the storing of ripe eggs 
in the modified ovary and its oviduct, after ovu- 
lation and pending deposition, are special adap- 
tations for effectively disposing of the surplus 
eggs as a provision for maintaining the repro- 
ductive capacity of the species when environ- 
mental conditions are unfavorable for oviposition. 

Examples of delay in oviposition under un- 
favorable environmental conditions among sev- 
eral species of insects other than those considered 
above are also noted in the literature. Causes of 
such delay are various. 

The absence of an obligate type of oviposition 
site, already seen to operate in the case of Aédes 
aegypti, is recognized as a factor leading to 
withholding of eggs. Roy and Majumdar (1939) 
observed that females of Culex fatigans Wiede- 
mann in laboratory cages delayed deposition of 
their eggs for about 4 days (7 days after the 
blood-meal) in the absence of water. Senior 
White and associates (1945) suggested that ano- 
phelines, under certain laboratory conditions, 
may defer oviposition in the absence of more 
suitable water than that provided by wet blotting 
paper. In another realm, as noted above, certain 
parasitic species of Hymenoptera exemplify a 
similar effect in that they regularly refrain from 
deposition of eggs in the absence of an acceptable 
host (Flanders, 1942, 1950). 

The withholding of eggs also occurs in the 
absence of specific stimuli. Flanders (1942) re- 
ports that in parasitic species of Hymenoptera 
the gravid female deposits few, if any, eggs ex- 
cept in response to a certain chain of stimuli 
which are host-connected. 

Low temperature is commonly regarded as a 
retarding factor both in development and in depo- 
sition of eggs. Anopheline mosquitoes, although 
frequently reported to have taken blood during 
warm periods in winter, are believed to delay ovi- 
position during cold periods until the temperature 
is favorable (Nicholson, 1921; Barber, Komp, 
and Hayne, 1924; Mayne, 1926). Mellanby 
(1937) showed that, at a temperature of 20° C., 
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females of Glossina may retain their larvae for as 
long as 12 hours. 

Humidity may be a retarding factor, although 
Mellanby (1937) found that reproduction in 
Glossina is not adversely affected by saturated 
air at approximately 20° C. 

Failure to deposit formed eggs because of lack 
of spermatozoa in the spermathecae is indicated 
by experiments of Norris (1932, 1933) with the 
moth, Ephestia kiihniella. Norris found that large 
numbers of ripe eggs were retained in the ovaries 
of females which had not been fertilized and of 
females in which fertilization had been unsuccess- 
ful. Delayed egg laying is encountered following 
artificial insemination of queen honey bees 
(Mackensen 1947), perhaps from similar causes. 

We have frequently observed in various arthro- 
pods that the egg-laying period is lengthened 
under conditions of crowding. This suggests that 
interference among individuals of a concentrated 
population operates to inhibit oviposition. Con- 
finement, alone, may lead to withholding of eggs. 

Frequently the causative condition is uncertain 
or unknown. Roy and Majumdar (1939) found 
in studying Culex fatigans that though eggs were 
formed and ready within 3 days, and though 
water was present, deposition was delayed as 
long as 13 and 19 days after the blood-meal. 
Norris (1932) observed that in the moth Ephestia 
kiihniella, after exhaustive oviposition, a few ripe 
eggs sometimes remained in the ovaries or ovi- 
ducts. Age and physical condition may influence 
the rate at which formed eggs are deposited. 

The capacity of an arthropod to retain formed 
eggs for extended periods yet eventually to 
deposit viable eggs, has obvious practical implica- 
tions in control operations. Examples are seen 
in the application of preventive or naturalistic 
measures (Parman, 1940), in the application of 
chemical control (DeCoursey and Webster, 1952) 
and in the ability of species to survive periods of 
unfavorable climatic conditions such as drought, 
heat, and cold. 

Information on the production, deposition, and 
viability of eggs under unfavorable, as well as 
favorable, environmental conditions is needed as 
a basis in setting up certain experimental work. 
The establishment of correct experimental pro- 
cedures and criteria and of effective culture 
methods, and the recognition and interpretation 
of abnormal as well as normal conditions of the 
ovaries, all would be aided by more of such 
information. The possibilities of forced retention 
resulting from experimental procedures which fail 
to provide suitable conditions for egg-laying 
must be taken into account in research on such 
subjects as mating, feeding, and oviposition. 

The experiments reported in this article were 
made to determine the consequences, on the eggs 
and on the adults, of prolonged forced retention 
of formed eggs in the mosquito, Aédes aegypti. 
The term “forced retention’’ is used to mean the 
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result of purposeful nonprovision of conditions 
known to be requisite for oviposition. The de- 
tailed explanation of the mechanisms by which 
any one effect comes about is outside the scope of 
this article. 


METHODS 


The mosquitoes, Aédes aegypti (Linnaeus), be- 
longed to the third laboratory generation de- 
scended from wild stock which had been obtained 
(February, 1940) in Puerto Rico through the 
courtesy of the late Dr. W. A. Hoffman. The 
methods of rearing and handling were the same 
as those previously reported (Woke 1937). The 
adults were maintained on 10% sucrose solution 
in a cabinet kept at 24 to 28° C. and at about 80 
to 90% relative humidity. A preliminary experi- 
ment had shown that egg-production is not ad- 
versely affected by keeping the adults in saturated 
air. An equal or greater number of males was 
kept with the females at all times to assure 
maximum fertility. 

In the absence of more suitable places, Aédes 
aegypti oviposits on sugar solution contained in 
open dishes and on cloth, loose cotton, or cellu- 
cotton that has been saturated with sugar solu- 
tion of strengths of as much as 60%. To pre- 
vent oviposition, a matter of critical importance 
in these experiments, the sugar solution was pro- 
vided in a small (25 ml.) inverted Erlenmeyer 
flask with a covering of fine-mesh silk cloth over 
the mouth (Figure 1). The mosquitoes feed 
readily through the cloth. The use of cloth in 
this manner for feeding fluids to insects is believed 
to be new. The arrangement has several ad- 
vantages: suitable cloth is more readily available 
and more convenient to prepare than commonly 
used membranes; the solution is protected from 
gross contamination; and mosquitoes are not 
subject to drowning or entanglement as they are 
when feeding from open vessels or saturated 
cotton. With suitable care, oviposition on the 
silk cloth covering is unlikely. Suitable care 
consists of the creation of initial negative pressure 
above the solution in the flask, carefully blotting 
the cloth when necessary to free it of surplus 
moisture, and avoidance of jarring and vibrations 
which lead to formation of moisture on the out- 
side surface of the cloth. In work in which 
possible egg-laying on the cloth is unimportant, 
rarious tightly woven silk and cotton cloths have 
proven suitable. Anopheles quadrimaculatus has 
not deposited eggs on cotton (“lawn”) cloth 
even without the observance of the care men- 
tioned above. 

One week after their emergence the mosquitoes 
were provided a first and only blood-meal from 
rabbits. The opportunity for laying eggs was 
denied, however, by withholding water and water- 
moistened materials on which oviposition would 
have have taken place. 
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The consequences of forced retention on the 
formed eggs were determined by a series of ob- 
servations made as follows: Immediately after 
the blood-meal was taken, and at the end of each 
5-day interval thereafter for a period of 90 days, 
a number of the mosquitoes, constituting a ‘‘lot,”’ 
was transferred for oviposition to a cage provided 
with water-moistened absorbent paper over wet 
cellucotton contained in a half Petri dish. Each 
lot was composed of 5 to 20 mosquitoes, excepting 
the lot formed on the day of feeding, which was 
composed of 30, and the last lot of the series, 
which was composed of 3. The total number in 
the 19 lots was 284, an average of 15 per lot. 
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Fic. 1. Inverted flask feeder for mosquitoes, con- 
taining sugar solution retained by finely woven cloth over 
the mouth of the flask. 


Counts, measurements, and descriptions of de- 
posited eggs were made daily. Abnormal eggs 
were differentiated from eggs which appeared 
normal. The latter were prepared for determina- 
tion of viability. For this purpose they were 
kept moist for 3 days after deposition, dried over 
the fourth day, held in the dried state for 5 to 7 
days, and then placed in water to which a trace 
of yeast had been added. The emerged larvae 
were counted after 24 hours. 

Fourteen to 21 days after the release of the 
mosquitoes into the oviposition cages, all surviv- 
ing females were killed and differential counts, 
measurements, and descriptions of the unde- 
posited eggs were immediately made. The un- 
deposited eggs of the females that died before 
the termination date were counted. 
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RETENTION OF FORMED EGGS IN THE 
ABSENCE OF WATER 


Mosquitoes that had fed on a rabbit were 
maintained in three cages, each provided with an 
oviposition dish consisting of absorbent paper 
over cellucotton in a half Petri dish. A normal 
number of eggs was deposited within. 10 days in 
the check cage in which the cellucotton of the 
dish had been kept moist. No eggs were depos- 
ited in the remaining two cages as long as the 
dishes were provided only with (a) dry absorbent 
paper over dry cellucotton, and (b) moistened 
absorbent paper blotted to remove all free water. 
A normal number of eggs was deposited by the 
mosquitoes of each lot upon transfer—7 after 12 
days, and 8 after 30 days—to cages provided 
with moist paper over wet cellucotton. 

We have repeatedly observed that normal mos- 
quitoes that have retained eggs for as long as 4 
weeks usually commence laying immediately when 
placed in a vessel over water but never when con- 
fined to a dry vessel. However, 4 mosquitoes 
which were decapitated 30 days after each had 
taken a bloodmeal and had been in the meantime 
without opportunity to oviposit, immediately de- 
posited 10 to 20 normal eggs each in a dry Petri 
dish. This response may help to explain the 
nature of the control governing the act of reten- 
tion or deposition. Bodenheimer (cited by 
Wigglesworth, 1950) found that females of 
Tipula (Diptera) after living for some days with- 
out egg-laying owing to unsuitable conditions, 
can be brought by decapitation to immediate 
oviposition, the inhibitory effect of the brain 
being removed. DeCoursey and Webster (1952) 
announced a concept of ‘forced laying’’ which 
appears to have been substantiated by results of 
their experiments with Aedes sollicitans (Walker) 
indicating that oviposition may take place after 
treatment by insecticides when the conditions 
are such that oviposition would not normally 
occur. 


ESTABLISHMENT OF CRITERIA AND PROCEDURES 


Normal characteristics of the eggs were de- 
termined as a basis upon which to judge the kind 
and degree of deviations formed under the ex- 
perimental conditions. The information has 
served also in the development of procedures of 
observations. 

Development of the ovarial odcytes. The ovarial 
odcytes reached full development within approxi- 
mately 72 hovrs after the blood-meal. One- 
hundred follicles or the developed odcytes (10 at 
random from each ovary of 5 mosquitoes) were 
measured at the end of each succeeding 12-hour 
interval. The follicles were shown to increase 
rapidly and steadily from 128 microns x 97 microns 
(means) at 12 hours to 421 microns x 184 microns 
at 48 hours. The developing odcytes measured 
448 x 155 microns at 60 hours and 472 x 167 mi- 
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crons at 72 hovrs. The number of developing 
oécytes in the ovaries of 18 of the mosquitoes 
ranged from 102 to 163 (mean 133). Most of 
the mosquitoes selected for these observations 
had ingested exceptionally large blood-meals 
from rabbits. 

Description of fully formed ovarial eggs. Norm- 
ally, the fully formed eggs in the ovary were 
regularly and compactly arranged, uniform in 
appearance, slightly curved and glistening white. 
The chorions were filled out and unbroken. The 
contents were granular in appearance, and white. 
Measurements of 200 eggs taken from the ovaries 
at 72 to 84 hours after the blood-meal gave a 
range in length of 423 to 525 microns (mean, 
480 microns). 

Within a few hours after death of the mosquito 
from natural causes or from chloroform vapor, a 
large proportion of the eggs in the ovaries enlarge, 
and the chorions become black. Of 474 eggs from 
the ovaries of 6 mosquitoes killed with chloroform 
vapor and examined 6 to 7 hours after death, 306 
were normal in appearance, 35 were enlarged to 
the approximate size of deposited and already 
expanded eggs and were black, while 133 were 
intermediate both in size and in pigmentation. 
In living but incapacitated mosquitoes, on the 
other hand, such changes appear not to occur. 
Four mosquitoes which had retained their eggs 
until the 30th day after the blood-meal were 
decapitated. After 6 to 7 hours in an atmosphere 
of high humidity, at which time they were still 
living, the retained eggs appeared normal. 

Description of deposited eggs. Normally, the 
small white newly deposited eggs enlarge to full 
size and become black within approximately 2 
hours while on a moist surface. They are then 
uniform in appearance and very slightly curved; 
the chorions are filled out and unbroken, and the 
contents are white. 

Measurements of 200 eggs made within 3 to 6 
hours after deposition gave a range in length of 
540 to 664 microns (mean, 602 microns) 

Of 751 eggs deposited within a few days after 
the blood-meal, only 2 were visibly defective. 
One had a broken chorion; the second was under- 
sized and was greyish black in pigmentation. 

A test demonstrated that shrunken eggs ere 
not necessarily non-viable; fifty-four percent of 
279 shrunken eggs of unknown age hatched. 


CONSEQUENCES OF FORCED RETENTION OF FORMED 
EGGS ON THE EGGS 


Forced retention of formed eggs for extended 
periods results in visible abnormalities and reduc- 
tion of viability. The summarized results of the 
series of observations are presented graphically 
in Figure 2. The graph shows that while the 
total number of formed eggs recovered during 
successive observations remained fairly constant, 
the number of deposited eggs decreased and the 
number of eggs which remained undeposited cor- 
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respondingly increased. It also shows the pro- 
portions in which normal and abnormal-appearing 
eggs occurred among the deposited and among the 
undeposited eggs. Among the deposited eggs 
which appeared normal, it shows the proportion 
which was viable and that which was non-viable 
by hatching test. 

Total eggs. The total average number of eggs 
per female mosquito accounted for on each 
examination, combined *he eggs which were de- 
posited with those whicii were retained after an 
apparently suitable opportunity to oviposit had 
been provided. The variation in the total counts 
reflects in part the varied quantities of blood 
taken by the individual mosquitoes and, in part, 
individual differences. An occasional! individual 
fails to develop eggs after a blood-meal. 


Ecoed DEPOSITED NORMAL VIABLE 
DEPGSITED NORMAL NON-VIABLE 
DEPOSITED ABNORMAL 

[oye] UNDPPOSITED NORMAL 
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Fic. 2. Graph showing the average number of eggs 

per female mosquito recovered from successive lots of 
mosquitoes provided with the opportunity to oviposit 
at 5-day intervals after the blood-meal. The graph shows 
the total production classified into 5 categories. 


No significance is attributed to the precipitous 
drop in counts which is recorded for the observa- 
tion following the 90th day, since the lot com- 
prised only 3 mosquitoes. 

The recovered eggs divide naturally into the 2 
categories of undeposited eggs and the 3 categories 
of deposited eggs which are discussed below. 

Undeposited eggs. The proportion of the total 
number of formed eggs, which remained unde- 
posited after suitable conditions for oviposition 
had been provided, is seen to have increased 
rapidly after about the 30th day. Permanent 
retention of part or all the formed eggs is thus 
seen to have followed and probably to have been 
induced by extended periods of forced retention. 
The undeposited eggs remained in the ovarioles, 
where an increasing number took on abnormal 
characteristics when held for long periods. 
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Abnormal, undeposited eggs. Most of the un- 
deposited eggs were o viously abnormal at the 
time of examination. Overly large size with 
attendant malformation and with disarrangement 
in the ovaries (Figures 3, A, C-F) were commonly 
occurring characteristics. Eggs were found in 
the ovaries that had the same size and appearance 
as normal, black, deposited eggs. Lengths of 
others ranged up to 825 microns. An egg of this 
length was obtained from a female that had 
carried her eggs for 104 days after the blood- 
meal and 14 days after she had been provided 
with an oviposition dish. Misshapen eggs 
(Figure 3, A, E-F) and broken and collapsed 
chorions (Figure 3, G-—H) occurred from the 
20th day but were especially numerous in females 
that had carried their eggs for 65 days and longer. 
Abnormal pigmentation of the chorion ranged 
from pale yellowish through grey, light and dark 
browns, and black. The fluid contents were often 
yellowish. Eggs which appeared normal and the 
several types of abnormal eggs often occurred 
together and randomly distributed in the same 
ovary. 

The changes which occurred in these mature 
but undeposited eggs under the conditions of 
forced retention are not to be confused with the 
degeneration of egg-follicles which as stated by 
Nicholson (1921) may be a normal occurrence 
serving to release the ovaries from an overburden. 

Normal, undeposited eggs. Eggs which ap- 
peared normal were found in small numbers until 
about the 85th day. 

Deposited eggs. The proportion of the total 
number of formed eggs, which was deposited 
after suitable conditions for oviposition had been 
provided, is seen to have decreased rapidly after 
about the 30th day. The reasons for the decrease 
are not known, but the failure to deposit all the 
formed eggs may be attributed in part to mechan- 
ical inability to pass many of the enlarged and 
malformed eggs which constituted a portion of 
the undeposited eggs discussed above. Should 
they occlude the oviducts, they would prevent 
the passage of all other eggs, normal as well as 
abnormal. The deposition of some of the eggs 
under the circumstances may have been forced 
by the enlarging eggs in the ovaries (Compare 
with Norris, 1932). Deposition of a few eggs 
out of a long-contained batch of eggs, which 
otherwise probably would not have been laid, 
has followed the taking of second blood-meals. 

Abnormal, deposited eggs. Eggs abnormal in 
appearance (Figure 3, J-M) and later proven 
non-viable on hatching test were deposited 
throughout the egg-laying period. Some of these 
failed to increase to normal size after being 
deposited; they ranged from 438 to 540 microns 
in length. Others were enlarged (Figure 3, J), 
ranging in length up to 800 microns. Many of 
the latter were black and, except for size, appeared 
normal. Abnormal pigmentation of chorions 





44 Annals Entomological Society of America 


ranged from light to dark browns and blackish 
for the majority, to greyish through yellow and 
deep orange for others. The chorions of a 
number of eggs which appeared normal in size, 
general appearance, and shape failed to become 
black. A few eggs were misshapen. An increas- 
ing number of broken and/or collapsed chorions 
was deposited after about the 20th day (Figure 
3, M), and, in addition, portions of chorions were 
voided increasingly after the 65th day. A 
yellowish fluid was frequently found to have 
stained the paper beneath broken chorions. 
Non-viable, normal-appearing, deposited eggs. 
Most of the deposited eggs were normal in general 
appearance (Figure 3, 1). A rapidly increasing 
proportion of these eggs, however, failed to 
hatch. The content was vellowish rather than 
white, indicating a change from the normal. A 
decline in viability would be expected to follow 
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Fic. 3. Representative egg-forms recovered from 
Aédes aegypti females which had retained the eggs for 
extended periods following the blood-meal. 

A. Egg-forms remaining in the ovaries 104 days after 
the blood-meal, and after partial oviposition, showing 
typical disarrangement, enlargement, malformation, and 
abnormal pigmentation. 

B. Normal ovarian egg. 

C-H. Examples of abnormal egg-forms recovered 
from the ovaries 59 to 104 days after the blood-meal; 
G is a flattened and broken chorion; H is an empty, split 
chorion. 

I. Normal deposited and fully expanded egg. 

J-M. Examples of abnormal egg-forms deposited 50 
to 72 days after the blood-meal; M is an empty, split 
chorion. 


the general disintegration of the formed eggs 
which was described above. Reduced viability 
under the circumstances of these experiments 
could result also from a failure in the mechanism 
of fertilization arising from damage to the sper- 
matheca, from occlusion or injury to the sperma- 
thecal duct, or from damage to the micro-pylor 
apparatus. 

Viable eggs. The proportion of the total num- 
ber of formed eggs, which proved viable on 
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hatching test, is seen to have declined rapidly 
after the 15th day. Thirty days after the blood- 
meal only 38% was shown to be viable, although 
98% had been deposited and 84% appeared 
normal. On and after the 45th day no eggs 
could be shown to be viable. 

The vitality of larvae that emerged from eggs 
laid after 25 to 40 days of forced retention was 
markedly reduced. An unusually large number 
died within a few hours after hatching. This is 
taken to indicate that vitality had declined al- 
ready in the formed eggs before deposition. 

The rate of decline in viability and vitality of 
formed eggs and the termination of viability dur- 
ing forced retention have obvious significance in 
control operations and in research procedures. 


CONSEQUENCES OF DEFERMENT ON SUBSEQUENT 
CAPACITY TO DEVELOP EGGS 


A preliminary experiment demonstrated that 
after forced retention of formed eggs until the 21st 
day after the first blood-meal, Aédes aegypti 
would accept second, though light, blood-meals 
without having deposited the eggs formed on the 
first. Upon provision of the opportunity im- 
mediately after the blood-meal they deposited 
within 4 days an average of 124 eggs per female. 
The hatch was good. 

Eight females, after forced retention of their 
formed eggs until the 35th day after the blood- 
meal, were provided the opportunity to oviposit 
on the 36th to the 40th days. Fifty-seven per- 
cent of the 935 deposited eggs were normal- 
appearing, and of these, 31% hatched. Each of 
the eight females then took a second blood-meal 
from a rabbit on the 40th day. One developed 
no eggs. One developed 5, 2 of which were laid 
and 3 of which were retained. The remaining 6 
females laid between 76 and 106 (mean 92) 
eggs each, and only one egg (normal-appearing) 
was found in an ovary upon dissection. All 
deposited eggs were normal-appearing, and the 
hatch ranged from 76% to 97%. Thus, the 
capacity to develop and deposit approximately 
normal numbers of viable eggs was not seriously 
impaired by forceful retention of already formed 
eggs for 35 days after the blood-meal. 

Four females, after forced retention of their 
formed eggs until the 70th day after the blood- 
meal, were provided the opportunity to oviposit. 
Subsequently, each took a second full blood-meal 
from a rabbit. All the 207 eggs which were 
deposited before the second blood-meal and the 
325 which were deposited after the second 
blood-meal, were abnormal. Twenty-four ab- 
normal eggs and 15 normal-appearing eggs were 
retained in the ovaries of the four females. The 
4 females produced a total of 571 eggs (mean 143). 

Two females after forced retention of their 
formed eggs until the 80th and 85th days re- 
spectively, after the first blood-meals, failed to 
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oviposit when given the opportunity. Each 
readily took second full blood-meals, this time 
from man, on the 96th and 93rd days respectively. 
The first then laid 7 abnormal eggs; the second 
laid 2 abnormal eggs and 1 normal-appearing egg. 
Dissection of the first on the 104th day revealed 
112 grossly abnormal and 12 normal-appearing 
eggs; the second on the 100th day, 116 abnormal 
and 18 normal-appearing eggs. The 2 females 
produced totals of 131 and 137 eggs respectively. 

A question exists as to whether eggs were 
developed on the second blood-meals in the 70- 
day and the 80 and 85-day cases. The number 
of eggs produced, while within the possibilities 
for one blood-meal, were above or at the upper 
limit of the usual range of egg-production from 
first and only blood-meals on rabbit. The 
normal-appearing eggs found in the ovaries would 
not necessarily have developed from the second 
blood-meal, since normal-appearing eggs have 
been found in similar and greater numbers in the 
ovaries of other females that had not taken 
second blood-meals. Newly formed eggs might, 
on the other hand, have taken on abnormal 
characteristics immediately after or while in 
formation. 


CONSEQUENCES OF DEFERMENT ON MORTALITY 


Among 200 females which had not ingested 
blood, and therefore had not developed eggs, 
the percentage mortality at 30 days was 2, at 
60 days 5, and at 90 days 55. Among 400 females 
which had freely ingested blood-meals and had 
as freely deposited the resulting eggs, the per- 
centage mortality at 30 days was 6, at 60 days 
19, and at 90 days 73. 

Among females which were carrying full 
batches of eggs after having ingested one blood- 
meal, the percentage mortality at 30 days was 4, 
and at 60 days7. At between 60 and 90 days, the 
mortality was roughly intermediate between that 
of the above non-blood-fed check group and 
that of the blood-fed check group. The percent- 
age mortality is readily seen also to have been 
intermediate at 30 days and at 60 days. 

The carrying of the full batch of eggs for ex- 
tended periods after the blood-meal, therefore, 
does not appear to have increased the mortality 
rate. Flanders (1942) reports that ovipositing 
females of the Hymenopterous parasite Encyrtus 
fuliginosus Compere live three times as long as 
those that are not permitted to oviposit. 


SUMMARY AND CONCLUSIONS 


Consequences of prolonged forced retention of 
formed eggs in the mosquito, Aédes aegypti 
(Linnaeus), were determined. The mosquitoes 
were given one full blood-meal on rabbit, then 
maintained on 10% sucrose solution at 24 to 
28° C. and at about 80 to 90% relative humidity. 
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The sugar solution was fed through fine silk cloth 
covering the mouth of an inverted flask. The 
use of cloth in this manner for the feeding of 
insects on fluids is believed to be new. Recently 
emerged males were kept with the females at 
all times to assure maximum fertility. The 
females were deprived of opportunities to ovi- 
posit by the withholding of water. They were 
thereby forced to retain their formed eggs for 
varied periods which were formed by successive 
increments of 5 days up to and including the 
90th day after the day of the blood-meal. Each 
of the different periods of forced retention was 
followed by an opportunity to oviposit on water- 
moistened absorbent paper. 

The results provide new information of interest 
in the planning of control operations and useful 
in further biological research. 

1. Retained eggs underwent progresive alter- 
ation of appearance: abnormal enlargement with 
attendant malformation and abnormal pigmenta- 
tion of the chorion and coloration of the fluid 
contents. Chorions became broken and collapsed. 

2. The viability of the deposited eggs de- 
clined rapidly from about the 15th day to the 
45th day at which time none was viable, and the 
vitality of larvae emerging from eggs laid after 
the 25th day was markedly reduced. 

3. A decreasing proportion of the formed eggs 

was deposited when the opportunity was pre- 

sented, until at 80 to 90 days after the blood- 
meal, less than 1% of the eggs was being deposited. 

A large proportion of the deposited eggs was 

made up of obviously abnormal and normal- 

appearing but non-viable eggs. 

4. The capacity to form and deposit a second 
batch of viable eggs after a second blood-meal 
was not seriously impaired by the 35th day. 
Second blood-meals were readily taken between 
the 35th and the 96th days with and without 
first having deposited the eggs which had been 
formed after the first meal. Apparently induced 
by the second meal, at least part of the eggs 
formed after the first, but which probably would 
not have been deposited otherwise, were de- 
posited. If eggs were formed on those second 
meals, they were proportionately few in number. 

5. The mortality rate among females carrying 
full batches of undeposited eggs was intermediate 
between a non-blood-fed group and a group 
which took blood-meals and deposited its eggs 
freely. 
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PROTEOLYTIC ENZYMES IN THE HOUSE FLY, MUSCA DOMESTICA (L.)! 


BERNARD GREENBERG? anp D. PARETSKY*%, University of Kansas, Lawrence, Kansas 


INTRODUCTION 


Most workers have considered pepsin to be 
absent from insects (Chauvin, 1949; Wiggles- 
worth, 1953) and indeed from all invertebrates 
(Florkin, 1949; Prosser, et al., 1950). Day and 
Waterhouse make no mention of this enzyme’s 
occurrence in their review of insect digestion 
(1952). Published observations of peptic activity 
in insects do exist but are preliminary in scope and 
generally inconclusive (Pavlovsky, ef al., 1922; 
Brown, 1928; Mackerras, ef al., 1933; Tomita, 
et al., 1936). Some make no reference to pH in 
their work, others refer only to a “distinctly 
acid” solution, while none recognize the possi- 
bility that some tryptic activity may remain at 
low pH levels. It is, therefore, of some interest 
for insect and comparative physiology that pro- 
teolytic activities at low pH levels have been 
found in the larval stages of the house fly. The 
high degree of proteolysis at pH 1.5 to 3.5 is 
strongly suggestive of the presence of pepsin or a 
pepsin-like enzyme‘, in at least the larvae and 
possibly in other stages as well. 


\This study was supported in part by a Research 
Grant from the University of Kansas, and largely by a 
grant, E-629, from the Division of Research Grants, 
National Institutes of Health, Public Health Service. 

2.3From the departments of Entomology and Bacteri- 
ology respectively, University of Kansas. 

‘The terms ‘‘pepsin’’ and ‘‘trypsin’’ are used through- 
out this paper for convenience, though the designations, 
‘‘pepsin-like’’ and ‘‘trypsin-like’’, reflect more accurately 
the state of our knowledge concerning these enzymes in 
the house fly. 


MATERIALS AND METHODS 


A strain of Musca domestica L. collected in 
Lawrence, Kansas, and previously bred in the 
laboratory for eight months was used for this 
work. Adults subsisted on a diet consisting of a 
solution of powdered milk and honey, and the 
maggots were reared at 36° C in quart jars con- 
taining CSMA medium moistened with tap water 
(Greenberg, 1954). The test sample (eggs, larvae, 


‘pupae, or adults) was rinsed several times in tap 


water and then in distilled water; all stages 
except eggs and early first instars were then 
dried on paper towelling, counted, weighed, and 
finally ground in cold Ringer’s solution in a 
Teflon-pyrex tissue grinder immersed in an ice 
bath. The enzymatic studies described in this 
paper were made on these homogenates, unless 
otherwise indicated. 

Egg quantity was computed on the basis that 
0.1 cc. of eggs equals about 500 and each egg 
weighs an average of 0.0633 mgms. Early first 
instars were assumed to have about the same 
volume as the eggs, and the average weight of 
one maggot (number of maggots divided by total 
weight) equalled 0.0675 mgms. Breis obtained 
from third instar larvae, pupae and adults were 
filtered through glass wool. Aliquots of 1 cc 
were transferred with a tuberculin syringe to 
conventional Warburg manometric flasks. Three 
buffer systems, 0.1 M, were used for the range 
pH 1 to 12: HC1-KC1 (pH 1 to 2); phosphate- 
citrate (pH 2.5 to 8.5); and phosphoric acid-acetic 
acid-NaOH (pH 9 to 12). The pH of each 
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buffer was deternined potentiometrically. Two cc 
of buffer of appropriate pH were added to the 
homogenate, and the substrate, 0.5 cc of a 1 
percent solution of the described protein, was 
added to the sidearm of the vessel. The flasks 
were secured to the manometers, placed in a 37° C 
water bath and shaken for 5 minutes before tilting 
the substrate into the buffered brei for a 2-hour 
incubation period with constant shaking. (De- 
terminations of pH for these: solutions after the 
2-hour run showed increases of not more than 0.2 
of a unit.) The contents of each flask were then 
emptied into a tube containing 0.5 cc of a 29 
percent solution of trichloroacetic acid, the 
flasks rinsed twice with distilled water and the 
final volume adjusted to 5 ce with distilled water. 
After 30 minutes in the cold room, the tubes were 
centrifuged and 1 to 3cc of the supernatant reacted 
in a spectrophotometer tube with 8 cc of 0.5 M 
NaHO, 1 cc 0.0025 M CuSO,, and 3 ce Folin- 
Ciocalteau reagent (Herriott, 1941). The in- 
tensity of the resultant color indicates the number 
of phenolic groups present and is a measure of 
the degradation of the original substrate. Con- 
trols consisted of the following: 1. an aliquot of 
the homegenate in distilled water in lieu of sub- 
strate, regular incubation, to neutralize the effect 
of non-specific autolysis (homogenate in buffered 
solutions at various pHs yielded no significant 
difference in amount of autolysis); 2. substrate 
in distilled water, and no homogenate, regular 
incubation; 3. homogenate and substrate at 
zero time. The first control always had more 
activity than the latter two. The sum of the 
controls was subtracted from the experimental 
value. Colorimetric determinations were made 
with a Coleman Universal Spectrophotometer at 
540 my and were read in optical density (O.D.) 
units. The optical density is directly propor- 
tional to the amount of digestion. 

Known amounts of tyrosine (9.8 to 39.2 mgms. 
per 100 cc) were reacted with the colorimetric re- 
agent and the resultant O.D. values were plotted 
against concentration of tyrosine. By means of 
the standard curve thus obtained, the O.D.s of 
the experimental samples were converted to 
tyrosine equivalents. A standard curve was 
plotted for each new batch of Folin-Ciocalteau 
reagent. Aliquots of brei were assayed for total 
nitrogen by means of the microkjeldahl technique. 
Activity units (A.U.) were then computed as 
follows: 


(Vi) (Vm) (T. E.) 
A. U.=—= a 


(V,) (W,) CW,) 

where, 

V; = initial volume of homegenate 

V.n = final dilution volume of reaction mixture 
T.E. = tyrosine equivalent 

V; =voiume of supernate from V,, reacted with 
Folin-Ciocalteau reagent 
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W, = mgms. of original sample 
W, = mgms. of nitrogen in homogenate 


RESULTS 


With sodium caseinate as substrate, all the 
larval stages exhibited strong proteolytic activity 
with a pH optimum at about 2.5-3.0. Eggs, pupae 
and adults, on the other hand, had singularly 
consistent peaks at 3.0. A further difference 
separates the enzyme activities of larvae from 
those of other stages at the low pHs; this is the 
percent of the activity at the optimum pH 
1.5. In larvae, activity at this pH is 61 to 96 


TABLE I 
PH OPTIMA FOR PROTEOLYTIC ACTIVITY IN ALL STAGES OF 
Musca Domestica L.® 
The pH showing maximum activity is indicated for 
each experiment performed 


pH 
Stage.. 5| 2.0/2.5 3.0) 3.5)8.0 


5C| | 
Egg 1A} 1A 


First instar. 


Second instar 
Third instar.| 1C 7h, oC 


3C 
Pupa . 1A 3C 
5C 


Adult. 1A 4C 


5Numbers indicate number of experiments on sodium 
caseinate (C), bovine albumin (A), and hemoglobin (H). 

62 with dissected guts. 

71 with sterile maggots. 

8 1 with dissected guts. 


percent of the peak value; in eggs it is 0 percent; 
in pupae, it ranges from 0 to 22 percent with no 
apparent correlation with age; and in newly 
emerged adults it ranges from 7 to 20 percent. 
Breis of second instars incubated with bovine al- 
bumin (Armour’s) or hemoglobin (Nutritional 
Biochemicals) showed an optimum pH of 2, 
while eggs, pupae and adults maintained an 
optimum of 3.0 on bovine albumin. With sodium 
caseinate as the substrate, all stages but the egg 
had a variable pH optimum for trypsin ranging 
from 8 to 10.5, but a peak between 8 and 9 was 
most frequent. (Powning, et a/., 1951, report an 
optimum for trypsin at pH 8.5, using dissected 
midguts, presumably of third instar larvae, on a 
gelatin substrate). 

Eggs had no tryptic activity, with either 
sodium caseinate or bovine albumin, while the 
tryspin of other stages was unable to cleave 
hemoglobin or bovine albumin. Table 1 summar- 
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izes pH optima for all stages, and figure 1 shows 
the pH activity curves. 


DISCUSSION 


The enzymes found in the present studies on 
the house fly have been designated as pepsin, 
cathepsin and trypsin solely on the basis of the 
pH range for proteolysis. It is entirely possible 
that such enzymes may not be the same as the 
classic vertebrate pepsin or trypsin. The identity 
of these proteolytic enzymes can only be estab- 
lished definitely by appropriate studies of the 
purified material. Until such work is done, the 
authors feel justified in referring*to the enzymes 
as pepsin, or pepsin-like, trypsin or trypsin-like, 
and catheptic on the basis of their pH require- 
ments. It is well known that optimum pH for 
pepsin and trypsin activity will vary, depending 
on the nature and isoelectric point of the substrate, 
and ionic strength of the buffer used. 


O-—Egg 


\ 
@ — Ist Instor “~ 


@ — 2nd Instor 


O — 3rd instar ~~ 


4 


@ — White pupa 


O — Brown pupa - 


O-—Block pu 


@— Adult 


Effect of pH on proteolytic activities 
during the development of the fly. 


Egg—Eggs tested on casein had optima at pHs 
3 and 5, diminishing to zero at neutrality. In 7 
tests using 500 to 3,000 eggs per test there was no 


digestion at pH 1.5. In sampling large numbers 
of eggs, the factor of age must be considered. 
This difflculty is not easily circumvented, for 
even eggs from the same egg batch differ in 
development. The question arises whether the 
older eggs in a sample, with distinctly visible 
maggots within them, tend to bias the results 
toward the activity curve characteristic of the 
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early first instar. The effect of older eggs, if 
any, would be to lower the pH optimum and in- 
crease the activity at pH 1.5. Our data do not 
indicate any such effect. There is a consistent 
optimum at pH 3 and zero activity at pH 1.5. 
No digestion was recorded in the alkaline range and 
it is assumed, on the basis of their requirements, 
that both proteinases in eggs are catheptic in 
nature. 

First instar—A pH optimum of 2.5 is most 
frequently observed for this stage, while 61 to 77 
percent of peak activity remains at pH 1.5. 

Second instar—The pH optimum for casein hy- 
drolysis is the same as for the first instar; proteoly- 
sis of hemoglobin and bovine albumin are optima} 
at pH 2. These latter substrates were not hy- 
drolyzed in the alkaline range. At a pH of 5, 
proteolytic activity is still 11 to 16 percent of its 
peak activity on hemoglobin, and 0 to 6 percent 
of the maximum on albumin; no activity on 
either substrate remains at pH 6. Peptic activ- 
ity at pH 1.5 is 82 to 96 percent of the peak value. 

Third instar—A phenomenon of trypsin sup- 
pression encountered in this and the following 
stages is discussed below. Where they were about 
equal in the previous stage, the relative activities 
of pepsin and tryspin now average about 9 to 1. 
This stage also varies most with respect to its 
optimum for pepsin but averages about 2.5, 
which was also the peak obtained with dissected 
guts. Optima at 3 may be due to selection of 
pre-pupae rather than actively feeding larvae. 
Peptic activity at pH 1.5 is 62 to 74 percent of 
the peak value. 

Pupa—White, brown and black pupae were 
tested separately on casein and albumin, and had 
consistent peaks at pH 3 and from 0 to 22 percent 
activity at pH 1.5. If this is a catheptic enzyme, 
it differs from the one in eggs in having greater 
activity below pH 3. The increase of trypsin in 
older pupae is discussed below. 

Adult—Adults were sexed and separately tested 
as unfed, newly emerged, and fed, three-day-old 
flies, with no significant differences in enzyme 
characteristics. The relative activities of pepsin 
and trypsin are similar to those observed in third 
instar larvae. 

Dissections of third instars in cold Ringer’s 
solution demonstrated slight, if any, proteinase 
activity in the cuticle and attached tissues, in the 
fatty tissue, or in the salivary glands. 

Guts of third instar maggots exhibited the usual 
degree of activity, with one interesting modifica- 
tion. Breis of dissected guts had considerably 
more tryptic activity than those of whole maggots. 
An inhibiting substance may be present in the 
homogenates of whole maggots and the following 
figures illustrate the range of this phenomenon. 
The data express the percentage of tryptic ac- 
tivity in relation to peptic activity, derived from 
optical densities, using equal numbers of maggots 
of the same age and size. 
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Homogenates of entire white pupae and adults 
also had slight tryptic activity. Seven separate 
runs for fed and unfed adults gave ratios ranging 
from 3 percent to 20 percent, while a single run 
with white pupae yielded 17 percent. Older pu- 
pae show a progressive increase in tryptic activity, 

48-hour pupae (at 25° C) showed a percentage of 

40, and 96-hour pupae, a percentage of 85. 
Strangely enough, flies no older than 30 minutes, 
with wings still unexpanded, had ratios which 
reverted to 5 and 20 percent, in 2 samples tested. 
It is considered unlikely that the apparent in- 
hibition is due to technique because of the uni- 
formity of procedure for a fairly large number of 
experiments sometimes involving various stages 
within the same experiment. 

Since there is no apparent trypsin inhibition in 
second instars, homogenates of second and third 
instars were mixed in various proportions. Al- 
though a reading as low as —24 percent of the 
theoretical value was obtained in one case, others 
ranged around —6 percent, while some were as 
high as +11 percent. Thus, readings do not 
indicate any marked suppression of the tryptic 
activity of second instars, under the conditions of 
the experiment. The inhibiting substances, if 
there be such, first manifests itself in the third 
instar, diminishes during pupation, rises rapidly 
at eclosion and continues to exert its influence in 
both sexes of the adult. 

To preclude the effect of any enzyme activity 
due to microorganisms, in one experiment maggots 
were reared aseptically (Greenberg, 1954), and 
early third instars were ground and tested as 
usual with no significant differences in peptic or 
tryptic optima from those already described 
(Table 1). 

To further characterize the tryptic and peptic 
enzymes, a series of experiments was performed to 
determine temperature optima, using second in- 
star maggots. Each experiment included dupli- 
cates at pH 2.5and pH 9, runat 3 different tempera- 
tures. Employing the technique outlined earlier, 
we were limited by the number of available 
Warburg water baths and, consequently, a clear- 
cut optimum was obtained for neither enzyme. 
The data indicate broad activity for trypsin 
between 34°C and 50° C, while pepsin, in most 
cases, has an optimum around 37°C. Both en- 
zymes are more active at 37° C than at 25°C. 

No peptic digestion occurs at 55° C or above, 
while the trypsin, at 55° C, still retains 90 percent 
of its activity recorded at 37°C; at 60°C, 60 
percent; and at 70° C about 8 percent. Working 
with dissected midguts of third instars, and using a 
gelatin substrate at pH 8, Powning, ef al., (1951) 
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found considerably greater thermal inactivation. 
Fifteen minutes exposure to 60° C destroyed half 
the tryptic activity, while at 70°C, less than 1 
minute was necessary. One obvious weakness in 
both approaches is the failure to adjust the 
experimental incubation period to approximate 
the duration of time that the substrate is exposed 
to the enzyme in the gut of the maggot. Temper- 
ature optima of in vitro systems are not necessarily 
the same as those obtained in vivo. In vivo, 
enzymes operating at lower temperatures may 
digest more total protein than at higher tempera- 
tures, for an equivalent extent of time. The 
above figures should be studied in this context. 
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Ratios of proteolytic activities during 
the development of the fly. 


Fic. 2. 


Figure 2 shows an apparent though not neces- 
sarily actual decline in both peptic and tryptic 
activity as the larva matures. It is reasonable to 
assume that with larval growth, the percentage of 
total nitrogen in enzymatic form decreases as the 
amount of nitrogen converted to cuticle, fat 
tissue, muscle and histoblasts, etc., increases. Pu- 
pation represents a stadium of greater stability 
for pepsin, but tryptic activity is on the increase 
during this time. It should be emphasized in a 
discussion of these figures that they are significant 
only in the broad ranges that they indicate and 
not as precise numerals. 
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On the basis of reported work, endopeptidases 
generally seem to occur singly in insects. Duspiva 
(1939), however, has reported catheptic as well 
as tryptic activity in the gut of Dytiscus. Cathep- 
sin is itself an infrequent find in insects. Ballen- 
tine (1940) has also reported two proteinases from 
a dragonfly nymph, one a typical trypsin and the 
other with a pH optium around 5.0 to 5.5, which 
may be a cathespin. The house fly has two dis- 
tinct proteinases functioning in every stage of its 
life cycle. Kowalewsky (1889) demonstrated 
that the midgut of the house fly larva is alkaline 
except for the middle region which is strongly 
acid. This suggests the regions in the midgut of 
the house fly where peptic and tryptic digestion 
occur, leaving unexplained, however, a similar 
situation in the gut of blow flies where pepsin may 
not be present (Hobson, 1931) 

Differences in food preferences exist within a 
species. For example, the Australian Phaenicia 
cuprina (Wied.) (= pallescens) causes myiasis in 
sheep, whereas the North American variety is a 
free living saprophage. Such differences in what 
is presumably the same species indicate as great a 
need for sampling widely dispersed populations of 
a species for physiological studies as for taxonomic 
ones. The same consideration applies to this 
study of the house fly, and it is well to call atten- 
tion to this limitation in the present work. 
Enzyme studies might profitably be employed 
toward a clarification of the systematics of Musca 
species, as high-lighted by renewed investigations 
in recent years (Holway, et al., Sabrosky, 1952; 
Peffly, 1952; Saccd, 1953). It would be of some 
interest to learn whether the entire genus follows 
the same enzyme picture described for M. 
domestica or if differences do occur which can be 
correlated with morphological, bionomic and 
genetic data. 


SUMMARY 


1. Pepsin or a pepsin-like enzyme has been 
demonstrated in homogenates of whole maggots 
in all three instars, as well as in dissected guts of 
third instar maggots of Musca domestica L. 

2. On the basis of pH requirements, it is 
assumed that the enzymes in the egg are catheptic 
in nature. 

3. Pupae and adults exhibit an enzyme 
activity intermediate in character between pepsin 
and cathepsin. 

4. All stages, except the egg, have a trypsin 
with a pH optimum between 8 and 9 on casein. 

5. Thermal inactivation characteristics differ 
for trypsin and pepsin, the latter appearing more 
heat sensitive. 

6. Homogenates of sterile and non-sterile third 
instars, tested on casein, yielded essentially the 
same peptic and tryptic optima. 
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REVISION OF THE GENUS EUBRACHYLAELAPS (ACARINA: LAELAPTIDAE) 
WITH THE DESCRIPTIONS OF TWO NEW SPECIES FROM MEXICO! 


DEANE P. FURMAN, Department of Entomology and Parasitology, University of California, Berkeley 


The genus Eubrachylaelaps Ewing 1929 consists 
of mites commonly found on cricetine rodents of 
Nearctic or Neotropical distribution. An excep- 
tion is the species Eubrachylaelaps lophuromius 
(Radford, 1939) which was taken from a murid 
rodent, Lophuromius aquilis, in Uganda, Africa. 
E. Lophuromius is not considered here as a 
member of the genus Eubrachylaelaps since its 
morphology differs basically from that of other 
species in the genus, as discussed later. The 
majority of species have been taken from deer 
mice, Peromyscus spp. The two species of 
Eubrachylaelaps described here bring to eight the 
number known in the genus. 

Little is known of the food habits of Eubra- 
chylaelaps, but it is probable that the adults are 
not normally blood suckers; whereas Bdellonyssus 
species collected with Eubrachylaelaps clearly show 
evidence of fresh blood meals, the latter have not 
shared this appearance in the experience of the 
writer. The males of the genus are virtually un- 
known. Jameson (1950) states that he has seen 
the males of two species. None is described. 


Genus Eubrachylaelaps Ewing 1929 
Eubrachylaelaps Ewing 1929. A manual of external para- 

sites, pp. 186-187. Type, Laelaps hollisteri Ewing 1925. 

Cyclolaelaps Ewing 1933, Proc. U. S. Nat. Museum, 82 
(30): 5. Type, Cyclolaelaps circularis Ewing 1933. 

The diagnosis of this genus given by Jameson, 
1950 is essentially that followed here, but it is 
modified in certain basic features which give it a 
clear distinction from the closely related genus 
Haemolaelaps Berlese 1910. 

Body stoutly ovoid to subcircular. Sternal 
plate wider than long, bearing three pairs of setae 
and two pairs of slit-like pores. Metasternal 
setae located on endopodal plates. Genito-ventral 
plate with one pair of setae. Two pairs of setae 
located close to margins of genito-ventral plate. 
Metapodal plates small. Anal plate with a pair 
of adanal setae and a single postanal seta. Scat- 
tered setae, sometimes in clearly defined rows, 
elsewhere on the venter; the more marginal setae 
very slightly fringed. Dorsal plate entire, almost 
covering the dorsum, with a pair of slit-like pores 
and numerous circular pores; two pairs of promin- 
ent ‘“‘sensory’’ areas near posterolateral margin. 
Tectum in three sections, the most anterior being 
the most delicate, bearing no teeth but possessing 
a small median projection. Deutosternal teeth 
in six rows, two to seven teeth in each row. 


ParD PAPER. 

'This work was supported by a contract from the 
Research and Development Board, Office of the Surgeon 
General, U. S. Army. 


Hypopharynx an elongate tongue-like lobe some- 
what constricted apically, bearing longitudinal 
rows of minute setulae. Each arm of the cheli- 
cerae bearing two teeth in addition to the terminal 
tooth; digitus fixus with a pilus dentilis. A 
brush of microchaetae surrounding base of the 
digitus mobilis. <A single seta projecting from the 
base of the digitus fixus. Tritosternum separating 
well above the basal segment into two finely 
serrate laciniae. Peritreme entirely ventral, not 
connected caudally with the parapodal plate. 
Legs I and II bearing a complex of two long 
spine-like setae at the dorsal apices of the femora 
and one at the bases of the genua as in members 
of the genus Laelaps. There is a tendency for the 
posteroventral seta of coxa III to be thickened 
into a thorn-like spine. Other coxal setae may 
or may not be spine-like. 

Among the genera closely related to Eudra- 
chylaelaps is Cavilaelaps Fonseca 1935, a mono- 
typic genus established for a species taken from 
Caviella australis at Jujuy, Argentina. Compari- 
son of the original description with two specimens 
of Cavilaelaps bresslaui, taken from Cavia at El 
Carmen, Jujuy, Argentina, reveal the following 
points of differentiation from Eubrachylaelaps: 
Body somewhat pear shaped with a slight pos- 
terior indentation; laciniae of tritosternum divided 
almost to basal piece of tritosternum in contrast 
to that of Eubrachylaelaps where the division oc- 
curs well distal to the basal piece; peritremalia 
not produced posterior to opening of stigmata. 

The specimens of C. bresslaui studied differ 
slightly from the original description and illustra- 
tion of Fonseca as follows: Parapodal plates are 
present in region of coxae IV though somewhat 
reduced in size; the tectum of the female is similar 
to that of Eubrachylaelaps; there is a fringe of 
setae around the base of the digitus mobilis. 

Though these latter observations are in agree- 
ment with the characteristics of Eubrachylaelaps 
the distinctive differential features cited are con- 
sidered of generic rank and the genus Cavilaelaps 
is retained as valid. 

Another genus which is very closely related to 
Eubrachylaelaps is Gigantolaelaps Fonseca 1938. 
It appears to differ, however, in the following 
characters: Tectum lanceolate; peritremalia not 
produced posterior to stigma; some anterior setae 
of dorsal plate much elongated; body size two to 
four times as great as Eubrachylaelaps. 

Other characters given in Fonseca’s generic 
diagnosis of Gigantolaelaps are shared to some 
extent by Eubrachylaelaps. A distinctive feature 
of Gigantolaelaps is the presence of a median 
anterior projection of the sternal plate bearing 
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the first pair of sternal setae. An anterior pro- 
jection of the sternal plate bearing the first pair 
of sternal setae is found in reduced form in 
Eubrachylaelaps rotundus in two specimens avail- 
able to the author, one from the type locality 
in Brazil and the other from Peru collected from 
Akodon mollis orophilus. On these specimens the 
differentiation of the anterior projection of the 
sternal plate appears more pronounced than illus- 
trated by Jameson (1951), but it is broader than 
normal for Gigantolaelaps. Although typical Gi- 
gantolaelaps species have a very long seta on coxa 
II, this is not always the case, i. e. G. gilmoret Fons 
in which the seta appears subequal to those of 
coxa I. 

Eubrachylaelaps is easily distinguished from the 
closely related Haemolaelaps Berlese 1910 through 
the possession of elongate spine-like dorsal setae 
on the apices of the femora and bases of the 
genua of legs I and II. 


KEY TO FEMALES OF EUBRACHYLAELAPS 


1. Coxa I bearing a ventral proximal thorn-like spine 
anal plate shape pentagonal, with straight an- 
terior margin 

: Eubrachylaelaps spinosus Furman n. sp. 

Coxa I ‘bearing a ventral proximal seta; anal plate 
shape not ee. with broadly convex an- 
terior mz argin . 

Second pair of pores on "sternal plate set at angle 
approximately 45° from the transverse axis of 
plate and parallel with the axis of posterolateral 
production of plate; shortest central setae of 
dorsal plate from 36 to 55 microns long. 3 

Second pair of pores on sternal plate inclined less 
than 45° from the transverse axis of the plate and 
not parallel with axis of posterolateral production 
of plate; shortest central setae of dorsal plate 
not more than 36 microns long 4 

Sternal plate 2 to 3% times as broad as long and 
without basal expansion of sternal plate setae, 
though slightly stouter than genito-ventral setae. 
Anal plate length subequal to width. Genito- 
ventral plate broadly rounded. 

. .Eubrachylaelaps circularis (Ewing) 

Stern: l pl ite over 3l%4 times as broad as long and 
with second and third pairs of setae abruptly ex- 
panded basally as compared with the genito- 
ventral setae. Anal plate much longer than broad. 
Genito-ventral plate with irregular margins and 
reduced in size.Eubrachylaelaps hollisteri (Ewing) 

Sternal plate four or more times as broad as long... 

Eubrachylaelaps debilis Jameson 

Sternal plate approximately twice as broad as long. 5 

Central setae of dorsal plate 24 to 36 microns long.. 6 

Central setae of dorsal plate less than 21 microns 
long 7 

Pilus dentilis exp inded bi usally; posterior margin of 
sternal plate extending forward of third pair of 
sternal plate setae. Approximately 17 to 20 pairs 
of setae on unarmed venter....Eubrachylaelaps 
jamesoni Furman n. sp. 

Pilus dentilis not expanded basally; posterior margin 
of sternal plate not extending forward of the level 
of the third pair of sternal plate setae; approx-- 
mately seven pairs of setae on unarmed venter 

Eubrachylaelaps crowei Jameson 

Posterior | pair of dorsal plate setae very long, over 
140 microns; anal plate relatively narrow, longer 
than broad; ventral setae slightly sinuose 

.Eubrachylaelaps martini Jameson 


[Vol. 48 


Posterior pair of dorsal plate setae actually off the 
plate and approximately 100 microns long. Anal 
plate about as broad as long; ventral setae not 
sinuose Eubrachylaelaps rotundus Fonseca 


In the following descriptions of species all 
measurements are given in microns. Length and 
width figures for the sternal plate refer to the 
shortest distances between two margins. 


Eubrachylaelaps jamesoni new species 
Female (Figs. 1-4) 


Idiosoma—660 long; 506 wide. 

Venter—Tritosternum typical for genus. Ster- 
nal plate 2.2 times as wide as long measured at 
narrowest points, 80 long by 176 wide; lateral and 
posterior margins moderately concave as illus- 
trated, the posterior concavity reaching approxi- 
mately midway between second and third pairs 
of setae; second and third pairs of sternal setae 
distinctly longer than first and metasternal pairs; 
first and second pairs of siernal plate pores 
nearly parallel to transverse axis of plate; the 
second pair with medial end tipped slightly to 
rear. Single genital pair of setae subequal to 
third pair of sternal plate setae. Genito-ventral 
plate slightly expanded posterior to genital setae 
with small but definite lateral angles; caudal 
margin unevenly and broadly rounded, extending 
over one-half the distance separating coxae IV 
from anal plate. Metapodal plates small, irregu- 
larly oval. Anal plate rounded anteriorly, broadly 
pyriform, but longer than broad; distance of anus 
from anterior margin of plate greater than length 
of anal opening; paired adanal setae 57 long, 
postanal seta 80 long and subequal to former in 
thickness. Approximately 20 pairs of setae on 
soft portions; posterior pairs arranged in irregular 
rows; small fimbriae evident on most of marginal 
setae. Peritreme extends forward over coxa I 
and posterior to stigma, bearing a pore near rear 
tip in apex of cleft in posterior extension of peritre- 
malia; peritremalia is unattached to strongly de- 
veloped parapodal plate. Coxae normal for 
genus, including the posterior seta of coxa III 
which is short, stout and acutely pointed. Legs 
normal for genus with heavily sclerotized seg- 
mental plates. 

Dorsum— Dorsal plate oval, lightly reticulated, 
with slight but distinct shoulders over coxae I; 
measuring 594 long by 497 wide; bearing approxi- 
mately 35 pairs of setae of which the marginal 
are progressively larger posteriorly, the latter 
bearing small setulae; setae of central area shorter, 
ranging from 35 to 40 long; nine pairs of readily 
discernible pore-like structures on dorsal plate, 
two pairs of which are flask shaped, one pair 
larger and more complex located at level of 


Fics. 1-4. Eubrachylaelaps jamesonin. sp. 1. Venter. 
2. Dorsum. 3. Ventral view of gnathosoma. 4. Cheli- 
cera. 
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posterior one third of plate. Eight to ten pairs 
of barbed setae on narrow unarmed dorsal margin 
of body measuring up to 130 long. 

Gnathosma—Six rows of two of two to five 
teeth in deutosternal groove. Chelicerae typical 
of genus; pilus dentilis inflated basally, with 
curved finger-like extremity. 

Type host—Peromyscus mexicanus saxatilis Mer- 
riam. 

Type locality—Cerro del Cafion del Sumidaro, 
19 km. from Tuxtla Gutierrez, Chiapas, Mexico. 

Type—Female collected August 25, 1953 by 
D. P. Furman and D. Price; deposited with U. S. 
National Museum. Male unknown. 

Paratypes—Thirteen females from same host 
specimen as type deposited with U. S. National 
Museum. Ninety females from eleven specimens 
of the same host species collected on August 25 
and 26, 1953, at from 11 to 19 kilometers from 
Tuxtla Gutierrez, Chiapas, Mexico on the road to 
Cerro del Cafion del Sumidaro. An additional 
eighty-one specimens not designated as paratypes 
are at hand from ten specimens of Peromyscus 
mexicanus saxatilis collected near the Pan Ameri- 
can Highway crossing of the Rio San Gregorio in 
southern Chiapas, Mexico, approximately 20 miles 
from the Guatemala border. Paratypes are also 
deposited at the British Museum of Natural 
History and at the Muséum National d’Histoire 
Naturelle. 

Eubrachylaelaps jamesont is closely related to E. 
circularis. It is distinct in that the second pair 
of sternal plate pores are not set at a sharp angle 
to the horizontal axis of the plate. The shortest 
setae of the dorsal plate are not over 36. microns 
long as opposed to 36 to 55 in E. circularis. The 
pilus dentilis is inflated basally as compared to 
seta-like pilus dentilis in E. circularis. 

As will be pointed out in the discussion of 
intraspecific variation in Eubrachylaelaps circu- 
laris, species of this genus may show considerable 
variation in size of such structures as the sternal 
plate. In ten specimens of E. jamesoni measured 
the sternal plate varied from 73 to 82 microns 
long and 167 to 190 microns wide, varying from 
2.1 to 2.4 times as wide as long; the anal plate was 
from five to 20 microns longer than wide; the 
adanal setae were 18 to 27 microns shorter than 
the postanal seta. The shortest setae of the 
dorsal plate ranged from 30 to 36 microns in 


length. 


Eubrachylaelaps spinosus new species 
Female (Figs. 5-9) 
Idiosoma—702 long x 520 wide. 
Venter—Tritosternum typical for genus. Ster- 
nal plate 112 long by 183 wide at shortest points, 
approximately 1.6 times as wide as long; anterior 
margin slightly convex; lateral and posterior 
margins concave, the posterior concavity extend- 
ing to level of third pair of sternal setae. Three 
pairs of sternal plate setae progressively longer 
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from anterior to posterior, respectively 83, 110, 
and 116 long; only moderately enlarged basally. 
First pair of sternal pores located immediately 
behind anterior sternal plate setae and with axis 
almost parallel to transverse axis of plate. Second 
pair of sternal pores midway between second and 
third pairs of setae and with axis tilted medially 
at approximately 30° angle to transverse axis of 
plate. Prominent metasternal setae located in 
angle of endopodal plates. Single genito-ventral 
pair of setae subequal to second pair of sternal 
plate setae. Genito-ventral plate slightly ex- 
panded posterior to coxae IV, with lateral margins 
becoming straight to concave and posterior curved 
margin indented opposite a pair of setae inserted 
on unarmed cuticula; widely separated from anal 
plate. Metapodal plates small, oval. Anal plate 
pentagonal, with postanal seta 91 long, stouter 
and nearly twice as long as adanal pair; anal 
length shorter than its distance from anterior 
margin of plate. Unarmed venter bearing ap- 
proximately 11 pairs of strictly ventral setae 
plus six pairs more or less marginal, some measur- 
ing only 63 long; posterior marginal pair longest, 
measuring 126. Peritreme extending almost to 
mid-level of coxa I; peritremalia extending pos- 
terior to stigma, with an inner cleft bearing a 
pore-like structure; peritremalia distinct from 
parapodal plate. Coxae somewhat atypical for 
genus in that the posterior ventral seta of coxa I 
is enlarged to a stout, rapidly tapering spine; 
otherwise they are normal, with the usual tend- 
ency for a thorn-like posterior spine on coxa III. 
Legs normal for genus with above exception. 

Dorsum—Dorsal plate covering essentially all 
of dorsum, lightly reticulated, short ovoid, 
measuring 702 long by 513 wide, bearing 40 pairs 
of setae arranged in irregularly transverse rows: 
central setae approximately 72 to 78 long, most 
marginal setae slightly shorter than central ones 
with exception of posterior pair which are 98 in 
length; posterior marginal setae minutely barbed; 
a relatively short pair of setae, 50 long is located 
antero-medial to posterior marginal pair; two 
pairs of ‘‘sensory’’ spots are located on the pos- 
terior one fourth of the plate; a pair of slit-like 
pores similar to those of the sternal plate are lo- 
cated immediately posterior to the anterior two 
pairs of vertical setae. 

Gnathosoma—Six rows of four to five teeth in 
deutosternal groove. Chelicerae appear typical 
of genus; pilus dentilis seta-like with tapering 
curved tip. Tectum membranous, lobular, as 
illustrated. 

Type host—Peromyscus species. 

Type locality—Four miles east of Apatzingan, 
Michoacan, Mexico. 


Fics. 5-9. Eubrachylaelaps spinosusn.sp. 5. Venter. 
6. Ventral view of gnathosoma. 7. Dorsal view of 
gnathosomal base showing tectum. 8. Dorsum. 9. 
Chelicera. | 
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Type—Female collected November 18, 1953 by 
D. P. Furman; deposited with U. S. National 
Museum. 

Paratypes—Five females with same collection 
data as type. One paratype deposited at U. S. 
National Museum, one at the British Museum of 
Natural History, one at the Muséum National 
d’Histoire Naturelle. 

Eubrachylaelaps spinosus is very distinct from 
all other species of the genus though it has a 
superficial resemblance to E. martini Jameson. It 
may be separated from all other species including 
E. martini by the presence of a ventral, thorn-like 
spine on coxa I, and by the pentagonal shape of 
the anal plate with a straight anterior margin. 

There is a striking similarity between Eubra- 
chylaelaps spinosus and Laelaps oryzomydis Pratt 
and Lane. These two species represent the closest 
known link between the two genera, with each of 
the species partaking somewhat of characteristics 
peculiar to the other. Laelaps oryzomydis has 
more delicate elongate body setae than is typical 
for the genus, the coxae possess a single stout 
spine only on the first and third pairs; on some 
specimens examined from Oryzomydis fulvescens 
taken at Aragua, Venezuela, the three ventral 
pairs of setae of the genito-ventral plate are not 
actually on the plate. E. spinosus is not quite 
as stout as a typical member of the genus; it has 
an enlarged spine on the first and third coxae of 
similar appearance to that in L. oryzomydis, and 
the dorsal plate setation and appearance is 
similar. 

The species are generically distinct, however. 
The new species has only the single pair of genito- 
ventral setae and only 2 additional pairs are at all 
near the margins of the plate. 


Eubrachylaelaps circularis (Ewing) 
Figs. 10-18 
Cyclolaelaps circularis Ewing, 1933, Proc. U. 


82 (30, No. 2971): 6. 
(Type ex. Peromyscus truei truei, Salina, Utah, U.S. A.; 


‘U.S. Nat. Mus.). 
Eubrachylaelaps circularis (Ewing) Jameson 1950, Jour. 
Of Parasitol. 36(1): 62. 


S. Nat. Mus. 


In addition to a cotype, specimens were ex- 
amined from Peromyscus boylei levipes, Chiapas 
Mexico, Peromyscus oaxacensis, Chiapas, Mex.; 
Peromyscus californicus from Los Angeles and 
Riverside Counties, Calif.; Peromyscus mani- 
culatus from Plumas Co., Calif.; Peromyscus 
species from Utah, Arizona, and California, 
U.S. A.; Peromyscus and Neotomodon species from 
Mexico, D.F.; Neotoma mexicana inopinata, from 
Mesa Co., Colorado. 

Diagnosis of female: Body shape and general 
facies typical for genus. Pilus dentilis on im- 
movable digit of chelicera seta-like and tapering 
to a fine point. Sternal plate varying from 2 to 
3.3 times as wide as long, measuring from 53 to 
80 long and 156 to 185 wide. Sternal plate setae 
not markedly inflated basally. Second pair of 
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sternal plate pores inclined at angle parallel to 
the posterolateral extensions of the plate. Genito- 
ventral plate slightly expanded posteriorly, with 
posterior border evenly rounded. Anal plate 
width subequal to length but variable; cotype 
measurements are 118 for both length and 
breadth. Adanal setae markedly shorter than 
postanal seta though the relative lengths vary as 
discussed below. Dorsum largely covered by 
dorsal plate which bears about 38 pairs of setae 
of which the shortest central pairs measure 36 to 
55 and the posterior marginals up to 110 in length. 


TABLE I 


MorPHOLOGICA AL VARIANTS IN | Eubrachylaelaps circularis 


‘ fd 
GEOGRAPHICAL | NUMBER | Ratios 


Anal plate 
length 
to width 


| 

SPECIME NS | Sternal plz ate! | Adanal seta 

measured | length: length to | 

width postanal 
seta length 


LocaTION 


North California. | 1:1.5-1:1.4 |1:1-1:1.04 


Central California| | 14 : 1:1 


|1:0 96-1:1.08 
| 


Utah ‘ | 1:3 2.5 | 1:1.6-1:1.3 |1:1.06-1:1.11 


South California 


Colorado 1 1:3.; 1 11:1.02 
Arizona | BeR : l1:1.1 


Central Mexico 34 :2.2 : 1.2 | 1:0.95-1:1 





South Mexico 1:1.03-1:1.1 


| 


E. circularis is closely related to E. hollisteri 
but may be distinguished by the inflated bases of 
the sternal plate setae of the latter, also by the 
unevenly narrowed posterior margin of the genito- 
ventral plate, the subequal anal plate setae and 
the markedly longer than broad anal plate shape 
in E. hollisteri. A major point of difference be- 
tween E. circularis and E. debilis is that the latter 
has short setae about 26 microns long in the 
central dorsal plate area, also it has a very short 
sternal plate measuring about four and one-half 
times as broad as long. 

A survey of some morphological variations in 
E. circularis is particularly interesting since sev- 


Fics. 10-18. Eubrachylaelaps circularis (Ewing) 
Fics. 10-11. Sternal and anal plates of specimen from 
southern Chiapas, Mexico. 

Sternal and anal plates of specimen from 

Distrito Federal, Mexico. 

Fics. 14-15. Sternal and anal plates of specimen from 
southern California. 

Sternal and anal plates of specimen from 
northern California. 

Venter of specimen from Peromyscus boylet 

levipes, southern Chiapas, Mexico. 


Fics. 12-13. 


Fics. 16-17. 


Fic. 18. 
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eral characters previously believed constant and 
reliable at the species level have been observed to 
exhibit considerable intraspecific variation, in 
part associated with geographical distribution. 
Data are presented in Table I which illustrate 
this type of variation, showing the range over 
which it was observed to occur. Specimens from 
southern Mexico tended to have relatively long 
sternal plates compared to those from the United 
States. Within the United States, however, a 
considerable range of variation was also manifest 
as seen in the accompanying figures. The post- 
anal seta varied from 1.2 to 1.7 times as long as 
the adanal setae, having little correlation with 
geographical distribution, although specimens 
from southern Mexico showed the smallest ratio. 
The ratio of anal plate length to width is best 
regarded as a subequal relationship with a range 
of 1: 1.08 to 1: 0.95. 


Eubrachylaelaps hollisteri (Ewing) 
Laelaps hollisteri Ewing, 1925, Proc. Ent. Soc. Washing- 
ton 27:1. [Cotype ex Peromyscus californicus, California, 

U.S. A.: Deposited U. S. Nat. Mus.]. 

Eubrachylaelaps hollisteri (Ewing, 1929). A manual of 

external parasites, pp. 186-187. 

Specimens seen by the writer include a cotype, 
numerous collections from Peromyscus in southern, 
central, and northern California, from Perognathus 
californicus and Neotoma sp. at Monterey Co., 
California and from Peromyscus at Washington 
Co., Utah. 

E. hollisteri seems to occur abundantly on 
Peromyscus californicus and P. crinitus, and only 
rarely occurs on any other mammal. 

E. hollisteri has a marked resemblance to 
Eubrachylaelaps debilis Jameson, but it differs in 
a number of characteristics as follows: pilus 
dentilis is seta-like; the sternal plate is over three 
and a half but less than four times as broad as 
long, the second pair of sternal pores are sub- 
parallel to the posterior extensions of the plate; 
the bases of sternal plate setae two and three are 
markedly and abruptly swollen in comparison to 
the genito-ventral setae, a feature seen in no 
other species of the genus; the posterior margin 
of the genito-ventral plate is unevenly narrowed 
rather than rounded; the anal plate is markedly 
longer than broad (150 long by 120 wide); the 
shortest central setae of the dorsal plate relatively 
long, 42 to 48 microns, compared to 23 to 33 mi- 
crons on £. debilis. The differentiation of E. 
hollisteri from E. circularis was discussed in the 
previous section. 


Eubrachylaelaps debilis Jameson 
Eubrachylaelaps debilis Jameson, 1950, Jour. Parasitol. 

36(1): 62-64. [Type ex Peromyscus maniculatus from 

Plumas Co., California, U. S. A. Deposited U. S. 

Nat. Mus.] 

The description of this species given by Jame- 
son (1950) is excellent and agrees well with most 
features seen in collections from the following 
sources: Peromyscus spp. from Humboldt Co., 
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Plumas Co. (paratype), and Mono Co., Cali- 
fornia and from Portland, Oregon; from Microtus 
longicaudus and Oberholseria chlorura (accidental 
host?) from Mono Co., California; from Pero- 
myscus spp. in Mexico D.F. and Michoacan, 
Mexico, and from Nucifraga columbiana (acci- 
dental host?) in Nuevo Leon, Mexico. 

In £. debilis as in others of this genus some 
intraspecific variation was noted in structures 
previously regarded as constant, although the 
range of variation is sufficiently limited to allow 
their use at the species level. Of fifteen specimens 
measured, the sternal plate length varied from 
37 to 45 microns and the width from 159 to 187 
microns, with the width varying from four to 
4.7 times as great as the length; the average ster- 
nal plate was 4.3 times wider than long. The 
adanal setae varied from 45 to 50 microns in 
length; the average postanal seta was 21 microns 
longer than the adanal pair, although the range 
varied from 11 to 30 microns. The anal plate 
length was invariably greater than the width by 
a factor of 10 to 24 microns, but the plate varied in 
length from 120 to 134 microns and the width 
from 105 to 118 microns. The length of the 
shortest central dorsal plate setae is considered a 
good diagnostic character at the species level in 
this genus. In E. debdilis these setae ranged from 
24 to 29 microns long. The position of the 
second pair of sternal plate pores is quite constant 
in all species of Eubrachylaelaps. In E. debilis 
these have an intermediate orientation between 
those parallel to the transverse axis of the plate 
and those parallel to the posterolateral extensions 
of the plate. 

The tendency toward reduction in length of the 
sternal plate in this species is manifested by oc- 
casional specimens in which the anterior pair of 
setae is actually off the plate. In one specimen 
at hand, these setae are entirely missing and 
there is only one setal socket present, which is 
anterior to the plate. 


Eubrachylaelaps martini Jameson 


Eubrachylaelaps martini Jameson, 1951, Jour. Parasitol. 
3? (6): 556-559. [Type ex Neotomodon alstoni from 
Ajusco, Mexico: Deposited U. S. Nat. Mus.] 
Specimens examined by the writer in addition 

to the tvpe, include paratype from the same host 

from Michoacan State, Mexico, and 19 females 
collected from the same host species taken near 
the 42 km. post between Mexico, D.F. and 

Cuernavaca, Mexico. These all agree with the 

original description except that the latter speci- 

mens have ventral setae with only a slight sinuose 
tendency. The centrally located setae of the 

dorsal plate are very short, measuring about 13 

microns long. 

E. martini is distinguished from a _ closely 
related species E. rotundus by the characters given 
in the key, and in addition by the smoothly round- 
ed posterior border of the genito-ventral plate. 
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Eubrachylaelaps rotundus Fonseca 


Eubrachylaelaps rotundus Fonseca, (1935-36) 1937, Mem. 

Inst. Butantan 10: 20. 

The writer has examined a female of this species 
collected by Fonseca in 1935 from Zygodontomys 
lasiurus in Butantan, Sao Paulo, Brazil. An add- 
itional specimen was seen from Peru collected on 
Akodon mollis orophilus. Fonseca’s specimen is 
essentially as illustrated by Jameson (1951) and 
agrees with the original brief description. His 
figure omits, however, a long (108) pair of 
posterior marginal setae on the dorsal plate. 

The sternal plate of E. rotundus is about 1.4 
times as broad as long, measuring about 1382 
long by 180 wide. As indicated in the discussion 
of the genus, the sternal plate has a_ broad, 
shallow, median projection similar to that seen in 
Gigantolaelaps but on a smaller scale. It is more 
pronounced than indicated by Jameson’s 1951 
illustration. 

The anal plate length is subequal to width; 
the postanal seta measures 95 long as compared 
to only 60 for the adanal pair. The central 
setae of the dorsal plate are very short, measuring 
from 17 to 21 microns. 


Eubrachylaelaps crowei Jameson 
Eubrachylaelaps crowet Jameson, 1947, Jour. Parasitol. 
33(5): 391-392. [Type ex. Onychomys leucogaster arcti- 
ceps (Rhoads), Kansas: Deposited in U. S. Nat. Mus.] 


In addition to the holotype and a paratype 
the writer has seen several specimens from 
Onychomys leucogaster taken in Colorado, Dawson 
Co., Texas and San Juan Co., Utah. These agree 
with the original description and illustration ex- 
cept that the sternal plate as illustrated includes 


the presternal area. The actual anterior margin 
of the plate is just anterior to the insertion of the 
first pair of sternal setae. 

Ranges of variation observed are as follows: 
Sterna! plate length 91 to 97, width 165 to 180, 
the width varying from 134 to almost twice as 
great as the length; the anal plate was from 10 
to 14 wider than long; the postanal seta was from 
20 to 29 longer than the adanal setae and twice as 
stout. The shortest central setae of the dorsal 
plate were from 29 to 34 long. 


Haemolaelaps lophuromius (Radford, 1939) 

Examination of two specimens of Euxbrachy- 
laelaps lophuromius (Radford, 1939), one a para- 
type, has convinced the writer that this is a 
Haemolaelaps species, and it is so designated here. 
This species lacks the elongate spines of femora 
and genua I and II found on all Eubrachylaelaps 
species. The legs are not markedly calcarate nor 
are there any heavy coxal spines. Body shape is 
stout-ovoid. Deutosternal groove contains rows 
of 4 to 6 teeth. Hypopharynx is an elongate, 
lobe-like structure with longitudinal rows of mi- 
crochaetae as in Haemolaelaps glasgowi and also in 
Eubrachylaelaps species. The genito-ventral plate 
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is characteristic of Haemolaelaps, bearing a single 
pair of setae and having 3 pairs of setae located 
off the plate but close to the plate margins. In 
all Eubrachylaelaps species there are only two 
such pairs of setae bordering the plate margins. 
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ADDENDUM—Since submission of this manuscript for 
publication, the writer has seen 12 males of E. circularis, 
one of E. debilis, and three of E. jamesoni. These 
superficially resemble males of Haemolaelaps, with which 
they are frequently associated in nature, but the former 
have long dorsal spines on femora and genua of legs I 
and II in contrast to the unenlarged setae of correspond 
ing segments in Haemolaelaps. 


SUMMARY 

The genus Eubrachylaelaps is of common oc- 

currence on cricetine rodents of the Nearctic and 

Neotropical regions. E. jamesoni and E. spinosus 

are described and illustrated as new species from 

Peromyscus of Mexico. E. spinosus and Laelaps 

oryzomydis possess characters demonstrating the 

close relationship of the two genera. A key to 
the eight known species of Eubrachylaelaps is 
presented. Intraspecific variation of species is 
discussed. Eubrachylaelaps lophuromius (Rad- 
ford) is transferred to the genus Haemolaelaps 
Berlese. 
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ON THE EGGS OF SOME MAN-BITING MOSQUITOES 


MAURICE RAY NEWKIRK’, Ashland College, Ashland, Ohio 


In Ashland County, Ohio, the writer has been 
attacked by mosquitoes at rates that extended to 
a maximum of 334 per hour. Represented in the 
attacks were twenty species of the six mosquito 
genera that are known to bite man throughout 
the United States. Females of the different 
species were collected in the field by letting them 
suck blood from the writer. The captured mos- 
quitoes were then taken to the laboratory, where 
each one was kept in a separate cage to get her 
eggs for study. This paper is devoted to those 
results of the study that deal with the position, 
structure, and hatching of the eggs. 

The cage in which each mosquito was placed 
consisted of a lantern globe fitted into a finger 
bowl. The top of the cage was covered with 
cheesecloth. A low stender dish of distilled 
water was centered in the finger bowl at the 
bottom of the cage, and the space between the 
stender dish and the wall of the finger bowl was 
filled with wet sand, so that every cage had 23 
cm.” of water surrounded by 45 cm.? of wet sand 
available for oviposition. 

Except for Aedes triseriatus, ail mosquitoes 
laid their eggs on the water and the wet sand. 
Aedes and Psorophora eggs were found more often 
on wet sand than on water; and this was reversed 
in the other genera. Data on the ovipositions 
are summarized in Table I. 

Aedes triseriatus stuck her eggs to the inside 
wall of the stender dish—just above, just below, 
or at the water level—and to the sand particles; 
she laid them unattached. Culex, Culiseta, and 
Mansonia put their eggs in a vertical position; 
so did many Aedes and Psorophora. But there 
was this difference. Aedes and Psorophora in- 
serted their eggs in sand with the anterior end of 
each egg up, or just opposite to the position of the 
Culex, Culiseta, and Mansonia eggs. However, 
the insertion, rather than the erection, of the eggs 
was a more constant feature of the Aedes and 
Psorophora ovipositions; and where the particles 
of sand varied in size, Aedes aurifer, A. canadensis, 
and A. stimulans often-placed their eggs under the 
larger particles. There was nothing unusual 
about the position of the Anopheles eggs: they 
lay horizontally, with the back of each egg touch- 
ing water when the latter was the supporting 
medium. 

Departures from the foregoing descriptions were 
usually traceable to eggs that were laid by 


'The writer wishes to thank the following people for 
helping him: Dr. Paul Harwood of the Dr. Hess and 
Clark Co., Ashland; his wife, Dr. Jesse Harwood; Dr. 
Carl Venard, The Ohio State University, Columbus; and 
Dr. Eleanor Slifer and Mr. W. E. Beckel, State University 
of Iowa, Iowa City. 


mosquitoes which could not move their wings and 
legs; and that type of oviposition was observed 
in Aedes fitchii, A. sticticus, A. stimulans, and A. 
vexans. For instance, a specimen of A. fitchii was 
seen down on water, with only her ovipositor 
moving. When she was transferred to wet sand 
the mosquito immediately began to discharge 
eggs. She extended her abdomen to the limit, 
and tapped the sand particles with her ovipositor; 
as each egg appeared the ovipositor was drawn 
back over the egg, which was given a slight push 


TABLE | 


LABORATORY OVIPOSITIONS OF MOSQUITOES FED 
HuMAN BLoop 


SPECIES | Speci- | Maxr- 
MENS MUM = |————————— 
LAYING EGG | WET 
EGGs BATCH | WATER) SAND 


EGGS ON 


| 
Aedes 
aurifer (Coq.).......| S4 1 | 21 
canadensis (Theob.). 3: 139 337 =| 1394 
cinereus (Meig.).....| é 106 | 49 | 334 
fitchti (F. & Y.). 3¢ 143 345 | 1255 
sticticus (Meig.). 34 |} 119 
stimulans (Walker) f 101 | | 2384 
triseriatus Say*...... 126 | 85 | 113 
trivitattus (Coq.) 7 | -195 3: 765 
vexans (Meig.) f 184 | | 2962 
Psorophora 
ciliata (Fabr.).. 41 | 41 
ferox (Humboldt) 7 186 | 805 
horrida (D. & K.) 3 51 | 130 
varipes (Coq.).. 71 296 
Anopheles 
punctipennis (Say) ‘ 212 | | 310 
quadrimaculatus Say. : 184 | 135 
walkeri Theob... 8 | 114 61 
Culex 
erraticus (1). & K.) 2 93 | 0 
salinarius Coq.... | 104 | 0 
Culiseta 
inornata (Will.). 145 145 0 
Mansonia 
perturbans (Walk.). 19 206 | 2169 52 


* Aedes triseriatus stuck 367 eggs to the inside of stender 
dish wall and laid 67 on the stender dish rim. 


and separated from the abdomen. Then the 
eighth abdominal segment was retracted; the 
process was repeated; and in 27 minutes A. 
fitchti voided 61 eggs. These eggs formed a 
jumbled pile; and such an egg collection marked 
about one out of every five ovipositions in the 
laboratory. 

In the Aedes fitchii oviposition the posterior end 
of the egg appeared first. Relative to the abdomen 
of the female (admittedly an impractical basis for 
orientation) the back of the eggshell was con- 





1955] Newkirk: 
vex; the belly, flat. The fresh egg was white, 
scaled, kidney-shaped in side view, and spindle- 
shaped in other views. The maximum diameter 
was located in the anterior half of the egg; the 
anterior end terminated in a scar, centrally 
placed. Within an hour the shell turned black. 
STRUCTURE 

So varied was the appearance of the eggs that 
about the only thing all species had in common 
was a shell. In discussing the structural features 
of the eggs Culex pipiens and C. restuans will be 
referred to; these mosquitoes were never taken in 
the act of biting, although they were common 
within the city limits of Ashland. Only winter 
eggs were obtained from Anopheles walkeri fe- 
males; for the differences between the summer and 
winter eggs of this species the reader should con- 
sult Hurlbut’s (1938) paper. 

Size. The length of fertile eggs, t.e., shells con- 
taining partly developed embryos, ranged from 
448 microns in Aedes triseriatus to 980 microns in 
A. stimulans; the diameter, from 124 microns in 
Anopheles quadrimaculatus (ignoring the floats) 
to 280 microns in Aedes stimulans. The Psoro- 
phora ciliata eggs had a maximum diameter of 
430 microns, but the fertility of the eggs was not 
checked. Sterile eggs were larger than fertile 
eggs of the same batch: for instance, a sterile egg 
of Aedes stimulans measured 994 by 350 microns 
while a nearby fertile egg measured 920 by 280 
microns. Variations within the species were 
most pronounced in A. fitchii and A. triserialus. 
None of the embryonated A. fitchit eggs hatched 
under normal circumstances. Fourth instar lar- 
vae from the smaller A. triseriatus eggs had anal 
gills that were as long as the siphon; the anal gills 
of similar larvae from larger eggs were about as 
long as the anal segment; all these larvae were 
reared in distilled water containing blue grass hay. 

Shape. Except for Psorophora ciliata and 
Mansonia perturbans, which were radially sym- 
metrical, and Culiseta inornata, whose shape was 
not studied, the eggs were bilaterally symmetrical. 
Bilateral symmetry was most evident in Ano- 
pheles, whose eggs could be turned so that each 
one had a convex surface opposed by a concave 
surface; the convex surface had the back of the 
grown embryo touching it, and it was therefore 
called the back, despite the fact that it was 
usually the lower surface. The remaining Psoro- 
phora and the Aedes were similar: each had a 
convex surface opposed by a flat surface. There 
was this difference, however. In Psorophora the 
convex surface touched the back of the embryo: 
the belly of the embryo touched the convex sur- 
face in Aedes. The posterior end of the egg was 
curved in Culex and Culiseta, and the convex 
surface had the back of the embryo touching it in 
Culex restuans. The anterior end of the eggshell, 
which contained the head of the embryo, was 
larger and flatter than the posterior end in Culex, 
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Culiseta, and Mansonia; this difference was not 
as obvious in the other genera. 

Layers. The shell was usually composed of 
two layers. The outer layer, exochorion, was 
thin and, except for the black exochorion of 
Anopheles, translucent to transparent; it deteri- 
oriated with aging. The inner layer, endochorion, 
was thicker and translucent to opaque. Some 
Anopheles eggs were more complicated. In A. 
punctipennis the removal of the floats revealed a 
layer that was continuous with the exochorion of 
the belly; beneath this there was still another 
layer; so the back and sides appeared to be 
covered with an accessory layer, or an extra 
chorion, making a total of three layers for those 
egg surfaces in contact with water. The shell of 
Aedes triseriatus could not be divided; it was 
called the chorion. Between the shell and the 
embryo of older eggs there was a tough trans- 
parent covering, the vitelline membrane, which 
stuck to the cast shell. The vitelline membrane 
was seen in A. fitchii, A. sticticus, A. stimulans, 
and Psorophora varipes by using Mortenson’s 
(1950) technique of destroying the shell with a 
5 percent solution of sodium hypochlorite; actu- 
ally “‘Clorox’”’ was used. 

Networks. A permanent network marked all 
eggs that were laid singly. The lines of the net- 
work enclosed facets, which had four or six sides, 
and the facets were divided into either pits 
(Aedes canadensis exochorion) or secondary net- 
works (A. canadensis endochorion). The smallest 
facet was found in A. sticticus, and measured 9 
microns in length; facets of other species ranged 
up to 45 microns in length. Depending on the 
species, networks characterized the chorion, the 
extra chorion, the exochorion, and the endochorion. 
The chorion of A. ¢riseriatus eggs that had been 
submerged in water showed irregular four-sided 
facets; in Howard, Dyar, and Knab’s (1912) 
drawing the facets have six sides. The Anopheles 
extra chorion was composed of hexagons; and so 
was the endochorion of Aedes aurifer, A. fitchii, 
and A. stimulans. Both the exochorion and 
endochorion bore networks in A. canadensis, A. 
cinereus, and Psorophora ferox. The exochorion 
of Aedes canadensis and A. cinereus showed an 
incomplete network of rhombs; the endochorion, 
a complete network of hexagons. Except for the 
completion of its exochorial network, Psorophora 


ferox had networks that were similar to those of 


Aedes canadensis and A. cinereus. 

The rhomboidal network disappeared as the 
Psorophora ferox eggs grew older, but the hexa- 
gonal pattern remained. That the hexagons are 
actually present in both layers of the older egg- 
shells was demonstrated by Horsfall, Miles, and 
Sokatch (1952); by restricting their study to 
Psorophora eggs that were at least two months 
old these workers presumably missed the transient 
rhomboidal network of the exochorion; it may be 
seen, however, in Thurman, Haeger, and Mulren- 
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ran’s (1951) figure of the P. johnstonii egg. 
Howard, Dyar, and Knab’s (1912) drawings show 
both the Culiseta and Mansonia eggs with net- 
works; the writer saw a hexagonal network in the 
fresh Mansonia egg, none in the older eggs of both 
genera. 

Armor. The external surface was armed with 
spines, tubercles, and scales. Conspicuous spines 
were found in Psorophora, Mansonia, and Aedes 
sticticus. Those of Psorophora were attenuated, 
with one spine occupying the center of each 
exochorial facet; the spines of Mansonia were 
conical, set close together, and arranged in 
straight lines. Aedes sticticus spines were smaller 
than the other two; they were peg-like, and one 
spine was centered over each endochorial facet. 
These spines indented the endochorion, and this, 
together with their greater size, separated them 
from the inconspicuous spines of Culex. The 
projections on the Aedes triseriatus eggs were 
tubercles; unlike spines, tubercles had bases that 
appeared to touch; the tubercles were arranged 
in curving lines. Scales were flat structures, 
which were appressed in A. fitchii and A. stimulans, 
and partly erected in A. vexans. Scales were 
first mistaken for facets, but dissection revealed 
them to be discrete forms. The scales of A. 
stimulans were irregularly shaped, and their dis- 
tribution corresponded to that of the endochorial 
facets. The scales of A. vexans were rectangular, 
and arranged in rows. Scales were most pro- 
nounced in fresh eggs; they disappeared with 
repeated wetting; perhaps like some of the net- 
works they were transient features. 

Scars. The anterior end of all eggs was 
marked by a smooth circular area. This was 
called a scar because the feature resembled the 
hilum of a lima bean seed. The scar was largest 
in the Culiseta egg, where it occupied nearly all of 
the base, and was composed entirely of endocho- 
rion. The Culex scar was likewise endochorial, 
but smaller (28 microns in diameter) and it could 
only be seen when the egg shed its cup, a structure 
to be described later. The scars of Aedes, 
Mansonia, and Psorophora included the exo- 
chorion; the scar had a diameter of 84 microns in 
Aedes stimulans and Mansonia perturbans, 42 
microns in Psorophora ferox. The eccentric scar 
of Anopheles punctipennis was located on the 
back, just posterior to the extra-chorial rim, or 
frill, where it measured 21 microns in diameter; 
its composition was not determined. The scar 
was undivided in Culieseta; in the other genera it 
was divided into a central and a peripheral area, 
and this division was most clearly defined in 
Culex. 

Fertilization sites. The central area of the 
Anopheles punctipennis scar was light colored, and 
measured 3 microns in diameter; within it a mi- 
cropyle has been seen by Herms and Frost (1932). 
In Aedes stimulans, Mansonia perturbans, and 
Psorophora ferox the central area was elevated 
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slightly, measured from 9 to 14 microns in di- 
ameter; and while no micropyle was seen, the ab- 
sence of a specialized area elsewhere on these eggs 
made one suspect that the central area served as 
a fertilization site. The central area of the 
Culex scar was spinose in C. pipiens, C. restuans, 
and C. salinarius, and discoid in C. erraticus; and 
again a fertilization site was suggested, but 
Christophers’ (1945) examination of the structure 
in British Culex revealed no micropyle. No trace 
of a fertilization site was seen in the Culiseta scar. 

Water-discharging devices. The posterior end 
of the Culex egg usually bore a drop of water. 
The drop rested on a smooth black mound, 
which measured 13 microns in diameter at the 
base and 5 microns in height, and which was 
marked by an apical light-colored area—possibly 
a hole—with an estimated diameter of 1 micron. 
Rafts of C. restuans eggs were transferred to 
distilled water; methylene blue was added to the 
supporting water; and the drop at the posterior 
end of each egg turned blue. This was ac- 
cepted as evidence that water entered the anterior 
end of the egg and left the posterior end; and both 
ends of the Culex egg were thus considered to be 
specialized forms of the hydropyle that Slifer 
(1938) has described for the grasshopper egg. 

In a raft of Culex restuans eggs that was up- 
side down, with the posterior end of each egg 
touching water, drops formed on the egg scars. 
When C. restuans rafts were dismantled so that 
the eggs lay horizontally on water, drops formed 
at either end of the eggs; and where the posterior 
end of an egg was under water, a bubble formed 
at that end. The drops or bubbles of 11 rafts, 
which had been laid by C. restwans in a pail of 
water outside the laboratory window, were col- 
lected on ‘‘Nitrazine’’ paper; and the pail water 
was checked with an electric pH meter. These 
were the pH readings: 
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The posterior drop of water as well as the an- 
terior and posterior specialized areas of the Culex 
egg have been described by Christophers (1945), 
whose opinion of the water drops is apparent in 
the following extract: 

“‘They are presumably condensed from the atmos- 
phere by the prickly processes already described. As 
well as being observed in all species of Culex, they are also 
present on the egg raft of Theobaldia annulata. It seems 
very probable that the droplet has some functon either 
protective or concerned with passage of water into the 
egg.’’ 
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A structure similar to that of Culex restuans 
was seen at the posterior end of the Culiseta 
inornata egg; it bore no water drop, but it seems 
likely from Christophers’ reference to Theobaldia 
annulata that one might be expected. 

Clustered at each end of the belly of an Anoph- 
eles punctipennis egg were as many as seven 
hemispheres, with the largest hemisphere meas- 
uring 10 microns in diameter. These have been 
figured by Howard, Dyar, and Knab (1912), and 
with greater detail by Herms and Frost (1932), 
who called the structures ‘“‘end bulbs.’’ Herms 
and Frost’s drawings show the end bulb with an 
undifferentiated surface, but those seen by the 
writer were divided into light-colored areas, 
~ach area having an estimated diameter of 1 
micron. A typical end bulb pattern had one of 
the light-colored areas in the center of a ring 
formed by six additional light-colored areas, and 
suggested a perforated surface like that found on a 
salt shaker, or, to make the analogy more perti- 
nent, like that of the Culex water-discharging 
device. End bulbs were studied in Anopheles 
punctipennis eggs that were on water containing 
methylene blue and on water alone. The methy- 
lene blue stained the extra chorion: only the eggs 
on the plain water hatched. No water was seen 
on the end bulbs. 

Pigmental patterns. Black pigment was uni- 
formly distributed in the endochorion of Aedes, 
Mansonia, and Psorophora; in both endochorion 
and exochorion of Anopheles. Because of the 
white extra chorion, which covered the back and 
sides of the egg, only the A. punctipennis belly 
was black; the rest of the egg was gray. Culex 
and Culiseta had an irregular black band at the 
posterior end of the egg; in Culiseta the scar was 
also black; the rest of the egg in both genera was 
brown. In Culex (and possibly Culiseta) the 
apical black pigment may have been associated 
with the discharge of water from the egg. On 
the other hand, the black pigment in the Culiseta 
scar probably made the anterior end of the egg 
impermeable to water; for when DeCoursey and 
Webster’s (1952) method of using aqua regia to 
decolorize eggs was tried out on Aedes stimulans, 
it was noticed that the decolorized eggs when 
placed in water swelled to a size which was 
greater than any encountered in sterile black eggs; 
often the pigment was removed unevenly, and 
only the decolorized parts swelled, so that the 
eggs were misshapen. 

Stabilizers. Separate eggs of all species floated 
on water. Eggs that were normally laid on water 
showed modifications which fixed the position of 
the eggs. These modifications, or stabilizers, 
were the raft, the Culex cup, and the Anopheles 
floats. 

The larger rafts were 16 eggs long and 9 eggs 
wide in Culex salinarius, 16 by 6 eggs in Culiseta 
inornata, which laid two rafts on an interrupted 
feeding, and 28 by 11 eggs in Mansonia perturbans. 
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Since the young as well as the old Culex eggs 
could float singly, the only immediate function 
conceivable for the raft was that it kept the eggs 
in a vertical position, with the anterior end of 
each egg touching water. It was thought that 
this might have facilitated the entry of larvae 
into water, but larvae reached water from rafts 
that were upside down as easily as from rafts in a 
normal position; in fact the emerging larvae 
righted the upside down rafts. Finally, it was 
inferred from a C. erraticus oviposition, which 
was marked by 93 separate eggs in a floating 
horizontal position, and a subsequent hatch of 
only four larvae, that the raft contributed to 
the survival of the eggs by reducing the egg area 
in contact with water. 

A raft of unpigmented Culex restuans eggs, 
perhaps less than an hour old, was obtained; 55 
eggs were removed from the raft and placed 
horizontally on water; the hatch for the separate 
eggs was 40/55, and for the reduced raft it was 
95/97, or the separate eggs had a 25 percent 
higher mortality. A raft of partly pigmented C. 
restuans eggs, possibly one hour old, was sub- 
jected to a like test; the hatch for the separate 
eggs was 33/37, and for the reduced raft it was 
52/58, or the mortalities were about the same. 
This test was marked by a unique occurrence: 
among the eggs of the raft were two that had 
been placed upside down by the female; neither 
egg hatched. A raft of completely pigmented 
C. restuans eggs, about three hours old, was also 
tested; the hatch for the separate eggs was 76/84, 
and for the reduced raft it was 141/147, or the 
separate eggs had a 6 percent higher mortality. 
Examinations of older C. restuans eggs in rafts, 
which were on their side, upside down, or com- 
pletely submerged, showed a high mortality only 
in the last position: a submerged raft of 243 
eggs produced 3 larvae. These observations 
suggested that the reduction of the egg area in 
contact with water was significant only during 
that period when the egg was unpigmented. 

The anterior end of the Culex egg had a decidu- 
ous cup-shaped structure. One of the C. restuans 
cups was 42 microns long, and its maximum 
diameter was 56 microns; the opening of the cup 
measured 16 microns in diameter, and it touched 
water, which presumably filled the cup, since 
water was discharged from the opposite end of 
the egg. The base of the cup covered the scar 
and, like the scar, it was divided into a central and 
a peripheral area; the central area of the base 
had a hole in its center with an estimated diameter 
of 1 micron. The cups elevated the raft; and each 
cup restricted the water touching the egg to 
the scar, whose diameter was about )5 as great 
as that of the entire anterior end. Christophers 
(1945) has also described the Culex cup, and 
commented on its function. 

In the literature, allusions to the function of 
the Anopheles floats vary. Bates (1949) has 
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written that the Anopheles floats “are supposed 
to serve as stabilizers’; and Matheson (1944), 
that the Anopheles “eggs lie on the water and 
float by means of a lateral expansion which is 
made up of small chambers containing air.”” Now 
for a test. The floats were removed from 4A. 
punctipennis eggs, which were then placed as 
well as dropped on water; the eggs floated, but 
on their side, and the same position was taken 
by the empty shells when the larvae emerged. 

In the laboratory Aedes stimulans eggs sank if 
laid under water, or if they were completely 
wet when placed on water—especially if the 
transfer were accompanied by the piercing of the 
water surface with a pithing needle, or if they 
were placed on aqua regia and left there for two 
or three hours, or if they were hit by water from a 
medicine dropper. Of these observations only 
the last showed experimental promise. When 
water was dropped on Culex eggs, one drop was 
enough to sink an individual Culex egg, but a 
raft of 133 Culex eggs still floated after being hit 
by over a hundred drops of water. It seems 
reasonable to assume from this test that the 
raft helps the eggs float during a common and 
perhaps critical action, a rainfall. 


HATCHING 


Though the temperature of the laboratory was 
relatively constant at 23°C., there was some 
variation in the minimum time required for 
hatching. Aedes and Psorophora hatched in five 
days; Mansonia, in four days; Culiseta, in three 
days; Anopheles, in two days; and Culex, in one 
and one-half days. 

Exactly how the shell was broken is still not 
entirely clear, but the following observations may 
justify at least a hypothesis. In the first place, 
no movement of any kind was displayed by the 
hatching spine in the rupture of Culex restuans 
and Anopheles punctipennis shells, the extra 
chorion and the exochorion having been removed 
from the A. punctipennis shells for these observa- 
tions. Secondly, shells were removed from 
Aedes fitchii and A. stimulans with ‘“Clorox.”’ 
The remaining vitelline membrane of most 4A. 
stimulans split from a point just medial to one 
eye through the area covering the mentum to a 
point just medial to the other eye, that is to 
say, only the area above the hatching spine did 
not split. The rupture was more variable in A. 
fitchit, with the split often taking place sideways. 
Thirdly, in all species the shell split on a line 
with the hatching spine and the eyes. Fourthly, 
shells ruptured, even though they contained what 
were presumed to be dead embryos. For ex- 
ample, Anopheles punctipennis eggs that had been 
left to dry on sand for two weeks were placed on 
water containing blue grass and on water alone; 
no living larvae were obtained, though several 
shells were broken. Finally, add the fact that 
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water has been shown to enter some of the eggs, 
and the observations point to this mechanism. 

Osmotic pressure split the belly and sides of 
the vitelline membrane along an inherited rupture 
line. Then the shell swelled, but only where the 
vitelline membrane was broken; this unequal 
swelling caused the back to bend inward (as it 
actually did in the rupture of the Aedes stimulans 
vitelline membrane) and to pierce itself on the 
hatching spine. Once punctured, the shell split, 
or was split by the emerging larva, along the 
line laid down by the rupture of the vitelline 
membrane. 

The rupture almost completely encircled the 
eggs of Aedes, Culex, Mansonia, and Psorophora, 
so that the entire anterior end was often severed 
from the egg. On the other hand, the rupture 
was restricted to the surface covered by the 
extra chorion in Anopheles; the larva emerged 
from a flap, which then returned to its original 
position. The smaller rupture line of Anopheles 
may have been due to the position of the abbre- 
viated extra chorion; and whether or not this was 
so could actually have been determined by ex- 
amining the rupture of the A. walkeri winter egg, 
which presumably had a complete extra chorion. 

This observation was not made; instead, 
the emergence of the Aedes stimulans larva from 
its vitelline membrane was studied. This pro- 
vided a situation in which the rupture was about 
the same size as that found in the Anopheles egg. 
The emergence of the Aedes stimulans larva was 
a slow process; often a larva extricated its head, 
only to die with its posterior end still firmly 
encased; occasionally a larva removed everything 
except its siphon and anal segment, and these 
stuck in the rupture, no matter how the larva 
wiggled. 

In some species the emergence of the larvae was 
delayed after embryonic development was com- 
pleted. Bates (1949) has summarized the litera- 
ture on this under the heading of the “hatching 
stimulus,’’ which we shall discuss later, and his 
list of references might well be extended to include 
Abdel-Malek’s (1948) work. Unlike Abdel-Malek, 
the writer could not get Aedes trivitattus eggs to 
hatch by using plant auxins, although, in one 
instance, three out of ten eggs ruptured, with the 
larvae remaining in the shells, under conditions 
that involved water containing 50 parts per 
million of indolacetic acid; in another division of 
the same test six out of ten larvae hatched in 
water containing a few wisps of blue grass hay, a 
method that was derived, with modifications, 
from that of Abdel-Malek. These contrasting 
data were among the factors that led to the adop- 
tion of water containing blue grass hay as a 
means of hatching eggs. Aedes and Psorophora 
were left to complete their embryonic develop- 
ment on sand; usually ten eggs from a batch were 
then placed on water containing blue grass, and a 
like number of eggs from the same batch were 
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placed on water alone. The results are given in 
Table II. 

The delay in hatching was called the diapause 
and, in terms of this, most of the eggs could be 
placed in one of the following categories: (1) 
obligate diapause; (2) facultative diapause; and 
(3) no diapause. The exceptions were Psoro- 
phora ciliata, which was not tested, and Anopheles 
walkeri and Culex erraticus, whose hatchings were 
1/32 and 4/93, respectively, on water containing 
grass, no check having been made of their hatch- 
ing on water alone. 


TABLE II 


CLASSIFICATION OF DIAPAUSING EGGS 


HATCH ON | 
WATER HATCH 
| CONTAINING] ON 
GRASS WATER 


SPECIES 


Group I—Obligate Diapause 
Aedes aurifer. 0/54 0/53 
Aedes fitchii 0/175 0/171 
Aedes stimulans. 0/169 | 0/159 


Group II—Facultative Diapause 
Aedes canadensis 16/111 | 0/108 
Aedes cinereus 44/80 | 2/79 
Aedes sticticus 6/10 0/9 
Aedes triseriatus 16/25 0/24 
Aedes trivitattus 85/110 | 1/110 
Aedes vexans 308/390 13/390 


Psorophora ferox 140/180 0/180 
Psorophora horrida 22/68 0/57 
Psorophora varipes 35/50 0/50 


Aedes, aurifer, A. fitchi, and A. stimulans were 
placed in the first group. These eggs failed to 
hatch on water containing blue grass at tempera- 
tures and photoperiods that corresponded to 
natural conditions. Embryonic development was 
completed in the eggs; the eggs aestivated and, 
since it was impossible to terminate the aestiva- 
tion, it was assumed that the obligate diapause 
limited the species to no more than one generation 
a year. Matheson (1944) has recorded one 
brood or generation a year for each of these 
species. 

A facultative diapause characterized Aedes 
canadensis, A. cinereus, A. sticticus, A. triseriatus, 
A. trivitattus, A. vexans, Psorophora ferox, P. 
horrida, and P. varipes. Some eggs from each 
species hatched during the first 24 hours on water 
containing blue grass; on water alone no hatching 
took place before the thirteenth day, at which time 
the water was contaminated. Since these condi- 
tions might be expected in the natural environment 
of the mosquitoes, and since one of the conditions, 
water, is variable, one would expect the behavior 
of these eggs to be uncertain. 

In respect to Aedes canadensis, for instance, 
Matheson (1944) wrote: “At Ithaca I have ob- 
tained the larvae in considerable numbers in 
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midsummer from artificial pools made in dry- 
surfaced sphagnum bogs. Whether these late ap- 
pearing larvae are from eggs laid the previous 
season or from recently deposited eggs is not 
known.” And Carpenter, Middlekauff, and 
Chamberlain (1946) had this to say: ‘The larvae 
also occur in small numbers, following rains, dur- 
ing the summer, fall, and winter months in the 
Southern States (4th. Sv. C. Med. Lab. reports, 
1942-44 unpublished). It is not known whether 
these late-season larvae are from eggs laid during 
the previous year or from recently deposited 
eggs.’’ A. canadensis males were found by the 
writer in Ashland County, September 1, 1951, 
and this was the only late appearance of males 
encountered in seven years. Even though the 
instances are multiplied, the only generalization 
admissible is that, with the possible exception of 
A. triseriatus, species with a facultative diapause 
might be expected to have from less than one to 
more than one generation a year. 

There was no diapause in the eggs of Anopheles 
punctipennis, A. quadrimaculatus, Culex salina- 
rius, Culiseta inornata, and Mansonia perturbans 
that were laid on water. All these hatched on 
water alone. 

Such a classification as the foregoing is, of 
course, partly arbitrary. And nowhere is this 
more evident than in a consideration of Anopheles 
punctipennis eggs that were laid on sand. In 
two tests that involved eggs which had been on 
sand for two weeks, with the sand being dry 
during the second weex, only the shells were 
ruptured in one test (mention having been made 
of this elsewhere) while in the other test the 
hatch was 6/10 on water containing blue grass, 
and 2/10 on water alone. Three additional tests 
of eggs that had been on sand for less than two 
weeks produced a total hatch of 23/60 on water 
containing grass or beech leaves, and 10/60 on 
water alone. Not only did the eggs survive desic- 
cation, but they showed evidence of a diapause. 

It now remains to describe how some of the 
eggs with an obligate diapause were hatched. 
Aedes stimulans eggs, which were twenty-four 
days old, were placed in “‘Clorox”’ for 14 minutes, 
or until practically all of the shell dissolved. 
Then the eggs, with their vitelline membranes 
still intact, were rinsed in water, and divided 
between a watch glass of water containing blue 
grass and a watch glass of water alone; the 
watch glass containing blue grass was set where 
it would receive 18 hours of light daily. Emerg- 
ence of swimming larvae occurred in both glasses 
within a day. Hay was added to the glass con- 
taining water alone on the second day; the extra 
light was discontinued after the third day. In 
each setup the hatch was 5/8. 

Some of the larvae lived for a week; but 
only one, and that one was in the glass which 
had received extra light, showed any growth; it 
advanced to the third instar. Since Baker 
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(1935) succeeded in terminating the diapause of 
Aedes triseriatus eggs by extending the photo- 
period to 18 hours daily, it was thought that 
extra light itself might end the diapause of A. 
fitchii eggs. These eggs were exposed to extra 
light for a week; then at the age of three weeks, 
the eggshells were removed. The hatch was 
the same, 10/10, for treated as well as untreated 
eggs; but more of the larvae from the untreated 
eggs survived for a day or longer: 5/10 opposed 
to 1/10. A like number of eggs from this batch 
were given the same treatment except that their 
shells were left on; none of the eggs hatched. 
Other tests involving changes in the photoperiod, 
rariations in the temperature, and the use of A. 
stimulans as well as A. fitchit were undertaken; 
but the number of eggs used so far has been too 
small to warrant a conclusion. 

In all instances swimming was the only activity 
displayed by larvae that had freshly emerged 
from obligate diapausing eggs. There was no 
breathing at the surface of the water until a day 
or two, sometimes a week, elapsed; moreover the 
tracheae were not immediately visible. And the 
mouth brushes were not moved. Thus one may 
suspect that if a hatching stimulus exists it 
affects both breathing and feeding. It is note- 
worthy that Gjullin, Yates, and Stage’s (1950) 
experiments “have shown that the reduction of 
the dissolved oxygen in water is the chief factor 
governing hatching in nature.’’ However, it 
seems doubtful that the respiratory system in 
itself contributes anything directly to the hatch- 
ing of the eggs except perhaps to offer its siphon 
as a hindrance to the emergence of the larvae. 
In the laboratory the diapausing larvae engaged 
in surface breathing before they moved their 
mouth brushes; and it may be that the activation 
of the respiratory system releases the mouth 
brushes. Non-diapausing larvae used their mouth 
brushes in emerging from the anterior end of 
their eggshells, or in accidents like the following. 
The shell and vitelline membrane of an Anopheles 
punctipennis egg were accidentally punctured 
near the posterior end; the larva extricated its 
posterior end first, and then used its mouth 
brushes to push itself the rest of the way out. 


SUMMARY 


The oviposition ®f twenty mosquito species in 
cages, which contained water surrounded by wet 
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sand, is described. The structural features of 
the eggs are discussed under the following head- 
ings: size, shape, layers, networks, armor, scars, 
fertilization sites, water-discharging devices, pig- 
mental patterns, and stabilizers. Seventeen spe- 
cies are classified according to whether they have 
an obligate diapause, facultative diapause, or no 
diapause. A method (Mortenson’s) that hatched 
some of the obligate diapausing eggs is given. 
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Preparation of Volume I of the Annual Review of Entomology is going forward under the able editorship 


of Dr. E. A. Steinhaus. 
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Dr. Steinhaus has prepared an overall discussion of this new contribution to entomology 


This discussion 
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Table of Contents for this first volume. 


All members of the Society should watch for Dr. Steinhaus’ discussion, 


and plan to order a copy of the Review through the Society’s Washington office. 





SOLAR HEAT AND PLANE POLARIZED LIGHT VERSUS THE LIGHT COMPASS 
REACTION IN THE ORIENTATION OF INSECTS ON THE GROUND! 


W.G. WELLINGTON, Forest Biology Laboratory, Victoria, B. C. 


An insect travelling over open ground is gener- 
ally considered to maintain a reasonably constant 
direction by means of a light compass reaction, 
with the sun as the light source. This opinion 
appears to have been based first on Santschi’s 
(1911) original observations of ants, and later to 
have been extended to insects in general after von 
Buddenbrock (1917) described the light compass 
reaction. It has remained fixed despite von 
Frisch’s (1950) discovery of the role of plane 
polarized light in the orientation of flying bees, 
perhaps because some emphasis was still placed 
on the sun as a light source, so that the existing 
hypothesis always seemed to encompass new in- 
formation (Wellington et al., 1951). More recent 
observations raise serious doubts concerning the 
effectiveness of the light compass reaction in the 
field, however, and these seem worth careful 
consideration. 

The light compass reaction is defined as a 
directed movement in which the animal need not 
travel in line with the light, but in which the light 
is certainly used to perform the directed orienta- 
tion (Fraenkel and Gunn, 1940). A small light 
source is used to demonstrate it in the laboratory, 
and many kinds of animals have shown a high 
degree of accuracy in maintaining an orientation 
angle indoors. Consequently, it has always been 
easy to interpret field observations in terms of 
these laboratory results; so easy, in fact, that 
we have consistently minimized certain facts. 

First, it may be unwise to consider the sun as a 
small light source unless it is covered by certain 
types of fog, cirrostratus, or altostratus clouds, 
or unless it is near the horizon, although attempts 
have been made to treat it as such (e.g., Welling- 
ton, 1948). In fact, there is little real support 
for any belief that the unobstructed sun appears 
more like a small disk to insects than it does to us. 
Secondly, insects in open spaces often behave as 
if they were disorientated. They frequently 
change course, often circle, and sometimes re- 
trace parts of their previous paths. Even ants, 
for which much has been claimed, often exhibit a 
lack of consistency that does not encourage be- 
lief in some of the claims made for them. 

We have been too ready to overlook such be- 
havior, cr to set it aside with a suitably vague 
explanation. If it occurred only when the sun 
was not visible, ‘) :re would be no problem. The 
fact remains, however, that it seldom occurs as 
noticeably when the sky is overcast as when the 

1Contribution No. 133, Forest Biology Division, Sci- 
ence Service, Department of Agriculture, Ottawa, 
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sun is fully exposed. Even then, if it could be 
attributed to an interfering stimulus from some 
nearby source (e.g., some olfactory stimulus), it 
would not cast doubt on the role of the light 
compass reaction in the field. Sometimes, of 
course, there is a nearby source of stimulation: 
more often, there is none. Again, if such move- 
ments were found to be truly disorientated, at 
least we could say that the light compass reaction 
occasionally breaks down for reasons unknown. 
It can be shown, however, that the movements 
are, if anything, the results of rapid reorientation 
to light sources other than the sun. They occur 
during especially rapid changes in the plane of 
polarization of light from the sky, often when 
the sun is in full view, so that a typical light 
compass reaction could be performed and would, 
in fact, return a circling insect to a straighter 
course if it were performed at all. 

During the past few years, such points have 
gradually emerged from a lengthy series of ob- 
servations of the responses of both larval and 
adult insects to plane polarized light outdoors. 
At first, attempts were made to retain the concept 
of the light compass reaction (Wellingten et al., 
1951). Now, evidence has accumulated to the 
point where it seems preferable to restrict the 
occurrence of the light compass reaction to the 
laboratory and to certain well defined instances 
in the field. In the pages that follow, the impli- 
cations of past and present observations are dis- 
cussed as the observations are described, since 
this procedure lends itself to a more continuous 
development of the argument than does the usual 
division of the text into separate sections. 


OBSERVATIONS AND DISCUSSION 


In an earlier paper (Wellington et al., 1951), a 
phenomenon termed “synchronous turning’’ was 
described in Neodiprion larvae, and was shown 
to occur only when the sky contained smoke or 
ice crystal clouds. During such movements, 
all larvae under observation turned in the same 
direction at the same instant. Simultaneous di- 
rectional changes were also noted in other species 
under the same states of the sky but they did 
not always occur in the same direction, and often 
were only minor deviations, so that their signifi- 
cance was not fully appreciated. Now, such 
turns also appear to be the same type of response 
as that exhibited by Neodiprion, differing from 
it only in degree. Fig. 1 shows sample tracks of 
larvae of -the tortricid, Archips cerasivorana 
(Fitch), to illustrate this and other points. (In 
this and subsequent diagrams, larvae of three 
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different insects have been used to illustrate the 
points discussed. Species have been selected 
that move so slowly that their minor changes in 
direction are easy to illustrate. It is important to 
note, however, that conclusions based on observa- 
tions of their movements are equally applicable 
to more rapidly moving larvae and adults that 
have been observed.) 

In Fig. 1, track A was obtained from a larva 
crawling on a sheet of graph paper placed flat on 
the ground. It is included for comparison with 
the other tracks. While it was made, the sky was 
clear and the sun was exposed. 


A 


CLOUD PATCH- 
(xIS CHANGING —__ 
RAPIDLY) 


Fic. 1. Tracks made by larvae of Archips cerasivor- 
ana (Fitch) under different states of the sky. A: a 
track made while the sky was clear and the sun was fully 
exposed. B and C: tracks of two individuals traced 
simultaneously while intermittent smoke passed over- 
head, but the sun remained fully exposed. The numbers 
on the tracks indicate points at which both larvae turned 
at the same instant. D: the track of a larva that 
began to crawl while the sky was clear, and that was 
induced to turn by placing a polarizing sheet over it as it 
moved. Circles show the points at which the polarizer 
was placed over the insect, or rotated, or at which the 
natural plane of polarization was changed by smoke or 
cirrus while the polarizer was in place. The bars inside 
the circles show the orientation of the axis of the polar- 
izer with respect to the sun, and the color of a circle 
indicates whether or not the sky was appreciably dark- 
ened when viewed through the sheet with the axis direc- 
tion shown. 


Tracks B and C were made simultaneously by 
two larvae while intermittent smoke passed over- 
head, although the sun remained fully exposed. 
Neither larva was in a position to detect the other. 
Each time both turned together, marks were 
made on the tracks, and such points were num- 
bered consecutively. The larvae turned in the 
same direction until turn 4. Then they moved in 
opposite directions with respect to the sun, but 
returned to similar headings at turn 5 and con- 
tinued to behave alike until turn 14. The other 
differences are more apparent than real. For 
example, larva C moved more slowly than B, and 
this sometimes produced apparent differences in 
their tracks. In addition, one sometimes turned 


[Vol. 48 


right when the other turned left, as in turns 13 
and 15, but this did not destroy the similarity 
of their directions of travel with respect to the 
sun. 

As noted, such behavior occurs only when 
smoke or cirrus clouds appear in the sky. Some- 
times these also cover the sun, but more fre- 
quently they occur near the zenith while the sun 
remains free. If the smoke or clouds appear uni- 
form in density, travelling insects may make one 
major change in direction, but the new course 
adopted will be maintained with only minor de- 
viations from it. If density varies rapidly, or 
distribution is patchy, travelling insects soon ex- 
hibit convoluted paths of the type shown in Fig. 
1, and make little real progress over the ground 
in terms of straight-line travel. 

Behavior of this type has been observed in 
larvae of tortricid, geometrid, arctiid, lasiocampid, 
and nymphalid Lepidoptera, as well as in diprionid 
Hymenoptera. In addition, similar responses 
have been observed in adult coccinellids, curculi- 
onids, sarcophagids, and diprionids. Therefore, 
such behavior does not appear to be confined to 
larvae that have simple eyes. 

It is clear from tracks B and C that observa- 
tion of a single insect would lead to the conclusion 
that it was completely disorientated, or that it 
was influenced by several stimuli at once. Even 
when several insects are moving together, they 
often appear quite disorganized, unless their 
tracks are traced in pairs, or 5 to 10 individuals 
are observed from a vantage point several feet 
above them. This is because most insects do not 
behave with the ballet-like precision occesionally 
exhibited by Neodiprion larvae, and move too 
quickly for the untrained eye to detect much 
order when several are circling at once. Even 
when tracks are traced, it is best to select a species 
that moves slowly; otherwise two observers are 
required. With very rapidly moving insects, the 
easiest way to detect the »henomenon is to watch 
for the appearance of circling or very frequent 
changes in direction. It will be found that mem- 
bers of a group moving over a substrate that is as 
uniform as possible in texture and heat capacity 
tend to begin or end such movements together. 

In Fig. 1, track D is another example of a 
type of track described previously (Wellington ef 
al., 1951; Wellington, 1953). It shows what may 
occur when sky conditions vary during artificial 
interference with the plane of polarization. The 
larva in D was travelling: under similar conditions 
to that in A when a polarizer was first placed 
over it. The axis of the polarizer was first 
orientated so that no response to it was obtained, 
and then rotated through 90°to produce the ex- 
pected directional change of approximately the 
same amount. While this new setting was in use, 
however, a patch of smoke of uniform density 
entered the overhead sky without approaching 
the sun. When the smoke arrived overhead, the 
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larva returned to its original heading, although the 
axis of the polarizer remained unchanged. It 
was necessary to rotate the polarizer a further 
90°, thereby returning it to its original setting, 
before the artificially induced direction of travel 
could be obtained again. (The first rotation was 
anticlockwise, whereas the second was clockwise, 
which accounts for the fact that the two turns in 
response to these rotations were made to the left 
and right, respectively. ) 

Since clouds and additional cloud patches were 
approaching, the setting of the polarizer was not 
disturbed after this point, so that subsequent 
directional changes shown in the track occurred 
when smoke or cloud entered or left the overhead 
sky. At no time was the sun even partially 
covered. It is perhaps worth noting that one is 


2. Tracks of three larvae of Archips cerasivorana 
(Fitch) traced while the insects crawled on graph paper 
placed flat on the ground. The figures on the tracks 
refer to temperatures measured at the surface of the 
graph paper with a thermocouple each time the direc- 
tional changes with which they are associated occurred. 
All larvae were acclimated to 20.5 C. for 24 hrs. before 
the test. Larvae A and B were fully fed, but larva C 
was starved for 24 hrs. before it was tested. 


seldom fortunate enough to obtain a series like 
D in one track. More often, the movements 
degenerate to the level of B or C very quickly 
when smoke appears, since it seldom occurs in 
isolated patches that are of uniform density. 
Generally, the lower the smoke, the more its 
variations in density affect results. 

Behavior of the types illustrated in Fig. 1 
shows that insects, including adult forms, change 
direction in response to changes in the overhead 
sky while the sun is fully exposed. Such responses 
may also occur when the sun and the sky in its 
vicinity are covered by smoke or cirriform cloud, 
but very careful inspection of the zenith gener- 
ally shows some projection of an extremely thin 
veil into it at such times. Obscuring both sun 
and zenith with smoke or cirrus at the same 
instant produces differences in responses of dif- 
ferent insects. Some begin to change direction fre- 
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quently, otherscircle,and some, suchas larvae of the 
geometrid, Erannis tiliaria(Harr.),simply stop until 
the overhead sky clears. In the latter type of re- 
sponse, re-exposure to direct sunlight before 
exposure to the overhead sky sometimes produces 
circling movements that lead slowly away from 
the sun, if the substrate is very hot. The tracks 
do not straighten even then, however, until the 
overhead sky clears. These differences in re- 
sponse may be partly specific, but they appear 
to depend more on the type of sky cover, the 
amount of wind, and the substrate temperature. 
Wind and temperature, particularly, must be 
considered together. 





36 38 
SURFACE TEMPERATURE, °C. 


Fic. 3. The data of Fic. 2 expressed as orientation 
angles with respect to the sun and plotted against the 


surface temperatures shown in that figure. 


Recent work (Wellington ef al., 1951; Sullivan 
and Wellington, 1953; Wellington, 1953; Green, 
1954a) has emphasized the influence of tempera- 
ture on the direction of travel adopted by an 
insect travelling over the ground. Figs. 2-4 
contain examples that help to separate the 
factors involved. 

To obtain results of the type shown in Figs. 2 
and 3, larvae of A. cerasivorana were first ac- 
climated to 20.5° C. for 24 hrs., and then taken 
outdoors and allowed to crawl on a sheet of 
graph paper placed flat on the ground. A pin 
in the corner of the paper cast a shadow that was 
kept aligned with one of the lines on the paper, 
so that the sheet could be maintained in a con- 
stant position with respect to the sun. The 
track of each individual was traced in turn and 
each time any change in direction occurred, it 
was numbered, and the temperature of the 
paper was measured with a thermocouple em- 
bedded in it. These temperatures are shown 
on the tracks in Fig. 2. When a track was com- 
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pleted, the angle each segment of it made with 
the line to the sun was measured, and these 
angles were plotted against their respective 
temperatures. Movement directly towards the 
sun was recorded as 0°, and that directly away as 
180°. Angles between 180-360° were referred to 
the 0-180° range when regressions of orientation 
angle on temperature were computed. The data 
of Fig. 2 are plotted in this way in Fig. 3. 
Larvae A and B were fully fed, whereas larva 
C was starved for 24 hrs. before its test. The 
chief effect of this treatment is shown in the 
marked drop in the temperature range within 
which the directional change to 180° took place 
(cf. Green, 1954b). The results show clearly 
that each insect turned farther away from the 
sun as the temperature increased, and towards 
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slightly sigmoid curve, a straight line fits them 
well enough. 

Previous comments concerning the value of in- 
sects that move slowly are especially applicable 
here. In observations of this type, rapidly mov- 
ing insects should not be used, because they 
either crawl off the paper before many measure- 
ments can be made, or move so rapidly that even 
two observers cannot synchronize temperature 
measurements with observed changes in orien- 
tation. 

The treatment the insects receive before the 
test is important in this, as in other experiments 
on the effects of temperature on orientation. If 
insects are being used in pairs or in groups, all 
must receive the same previous temperature, 
moisture, and nutritional experience; otherwise 
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Fic. 4. 
they were crawling on graph paper on the ground. 
24 hrs. before the test. 


it as the temperature decreased. This is a more 
exact expression of a reaction previously de- 
scribed in other insects (Wellington ef al., 1951; 
Sullivan and Wellington, 1953). Its occurrence 
is so widespread that it may be considered a basic 
phenomenon. 

The weather was hot when A. cerasivorana was 
available in quantity, and turns directly towards 
the sun were very rare. Consequently, 118 
directional changes made by 15 larvae of E. 
tiliaria are shown in Fig. 4, to show the full 
extent of the reaction. To obtain these data, 
individuals were followed through only a few 
turns before being discarded. Otherwise, the pro- 
cedure was similar to that employed with A. 
cerasivorana. The larvae were all fully fed, and 
were acclimated to 20.5° C. for 24 hrs. before 
the test. Although the results appear to form a 


Directional changes made by 15 larvae of Erannis tiliara (Harr.) as the temperature varied while 
All larvae were fully fed and were acclimated to 20.5 C. for 


the temperature ranges within which they react 
will vary (cf. A and B vs. C in Fig. 3). Further- 
more, it is unwise to continue to follow the 
track of one individual for more than one-half 
hr., especially at temperatures within the range 
associated with orientation angles smaller than 
180°. Sometimes an insect that has been ac- 
climated to a relatively low temperature adapts 
very quickly to a moderately high temperature, 
with the result that it begins to turn more 
towards the sun at any temperature. If this 
trend continues, results obtained early in the test 
cannot be grouped with those obtained later. 
A restricted range of weather is required for 
reproducible results. First, the sun must be 
fully exposed and the overhead sky must be 
clear. In fact, even partly cloudy days should 
be avoided, since clouds from other parts of the 
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sky often approach the zenith. More important, 
anything that produces rapid fluctuations in tur- 
bidity spoils an observation by producing the 
responses shown in Fig. 1 so that, even if insects 
are overheated then, all that can be said for 
many of them is that, given time, they travel 
away from the sun as they circle, but their 
continually changing directions cannot be di- 
rectly related to any range of temperature. 
Finally, a light wind is required, since its minor 
variations produce minor temperature changes in 
the insect and in its surroundings. 

Wind direction is unimportant, in that a drop 
in temperature produced by air movement from 
any direction will be associated with a turn 
towards the sun. On the other hand, the wind 
speed is important. When the air is calm, there 
are few temperature differences across a small, 
uniform surface, and tracks are relatively straight. 
Therefore, best results are obtained in winds up to 
approximately 4m.p.h. Above this, steadily in- 
creasing wind speeds tend to eliminate many of 
the minor temperature changes on a small sur- 
face, and at 8 m.p.h. or more, tracks across a uni- 
form surface tend to straighten again. There- 
fore, both calm air and rapidly moving air are 
associated with straighter tracks in most insects, 
but not with the resultant direction of these 
tracks. 

Larvae of the sawfly, Neodiprion  sertifer 
(Geoff.), behave similarly to those of A. cerasivo- 
rana and E. tiliaria. In addition, they may be 
used to greater advantage in any experiments 
that involve painting eyes, since their ocelli are 
more easily covered with an opaque layer of 
blackboard paint or airplane dope. Such ex- 
periments provide further information on the ef- 
fects of temperature on orientation and on the 
role of the sun in directed movements. For best 
results, a blinded insect should be paired with one 
with intact eyes, and both should be treated simi- 
larly before and during an experiment (Wellington, 
1953). When larvae are used, care should be 
taken to‘avoid selecting those that are near the 
end of a stadium, because they may behave as 
though blind just prior to moulting. Fig. 5 
shows sample tracks. In the series shown, primed 
letters indicate tracks made by the blinded larva 
of the pair. 

In A-A’, the larvae were tested with a six- 
watt panel lamp in a dark room at 20.5° C. 
Larva A proceeded towards the lamp. The 
blind larva did not respond to the light at either 
of the two starting points during the ten minutes 
it took the other to reach the lamp and, in fact, 
had to be prodded occasionally to obtain the 
tracks. 

The other two tests were done on graph paper 
outdoors. The sky was clear and the sun was 
exposed, but the wind speed varied from near 
zerotoabout 5m.p.h. Tracks B-B’ were obtained 
sarly in the day, when the larvae were relatively 
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cool. Consequently, the intact larva crawled in 
the general direction of the sun, whereas the 
blind larva had to be prodded occasionally to 
make it move at all. (Such lack of movement at 
temperatures near 20° C. is specific. Some blind 
insects move at even lower temperatures without 
being prodded (cf. Green, 1954a), but their tracks 
show no consistent relation to any reference point. 
Whether or not an otherwise undisturbed blind 
insect moves when it is not overheated depends 
primarily on its threshold temperature for 
movement.) 


OO 
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Fic. 5. Responses of two larvae of Neodiprion 
sertifer (Geoff.) to light indoors and outdoors. A, B 
and C: a larva with intact eyes A', B', and C': a 
larva with its eyes covered with airplane dope Tracks 
A-A': responses to a six-watt panel lamp in a dark 
room; B-B': movements outdoors early in the day when 
the larvae were cool; C-C': movements outdoors later 
in the day when the larvae were overheated All time- 
marks on the tracks show minute intervals, and the 
numbers on the C-C' series indicate particular minutes. 


Tracks C-C’ were obtained later in the day, 
when both larvae were overheated. Conse- 
quently, both moved away from the sun. Their 
track directions were especially similar between 
minutes 1 and 4, despite the fact that they moved 
at very different speeds. From the starting 
points to minute 1, the wind varied between 3-5 
m.p.h. Between minutes 1 and 2, the wind 
dropped. It increased to approximately 3 m.p.h. 
between minutes 2 and 4, but it was obstructed 
artificially between minutes 3 and 4. Larva C, 
with intact eyes, reached the edge of the paper 
soon after minute 4, so its subsequent track was 
lost. The blind larva, however, was exposed 
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again to the wind for most of the next minute, 
and then was partially shielded from it once 
more. During the following minute, the effec- 
tiveness of this shielding was increased, and 
finally the shield was removed about 30 seconds 
before the larva reached the edge of the paper. 
Between minutes 1 and 2, when the wind waslight, 
and minutes 3 and 4, when it was partially blocked, 
the track of the intact larva straightened, but 
the track of the blind larva became more devious. 
This # particularly noticeable between minutes 
3 and 4, during the artificial control of the wind. 
cares of the blind larva to wind after 
minute 4 straightened its track each time, and 
the most effective shielding (minutes 5 to 6) 
produced such a convoluted path that it could 
not be shown properly in the diagram. Eventu- 
ally, the larva stopped crawling and simply 
moved its head from side to side. 
These results show an important difference in 
the effect of wind on the orientation of an over- 
heated blind insect and one with intact eyes. 
In many blind insects (with the apparent excep- 
tion of those with very long antennae, such as 
Neodiprion adults (Green, 1954a), decreasing wind 
speeds produce more and more devious tracks in- 
stead of straightening them. Increasing wind 
speeds in the 0-4 m.p.h range produce straighter 
tracks, instead of more devious ones. Unless the 
surface is exceedingly hot, further increases in 


wind speed are apt to cool blind insects such as 
N\. sertifer larvae to the point where they are no 
longer stimulated to move. 

It is clear that such insects are being guided to 
some extent by their responses to the stream of 
radiant heat from the sun, whether or not their 


eyes are intact. Therefore, the following aspects 
of their orientation must be considered: orienta- 
tion by radiant heat ; orientation by plane polarized 
light; variations in orientation angle in response 
to changes in temperature; the effects of wind on 
temperature and on responses to it, and the 
effects of turbidity on the plane of polarization 
and on responses to it. Consequently, at this 
point it is best to summarize the various kinds of 
evidence so that the roles of the different guiding 
stimuli may be assessed. 

It has been shown that, under suitable states 
of the sky, travelling insects consistently turn 
farther away from the sun as the temperature 
rises, and towards it as the temperature falls. 
The sclar reference point is not simply for the 
convenience of an observer, because overheated 
insects finally reach a temperature above which 
they never turn back towards the sun. This 
upper limit seems to bear some relation to the 
photic reversal temperature of an instar or species 
(Wellington ef al., 1951; Sullivan and Wellington, 
1953) and apparently is not far below the upper 
lethal temperature, since cases of heat stroke are 
common only a few degrees above it. It may be 
concluded that, prior to or at the beginning of any 
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forward movement, an insect adopts an initial 
orientation with respect to the position of the sun, 
and that the orientation angle depends entirely 
upon how hot the insect is. 

Behavior such as that in Fig. 5 suggests that 
the orientation angle is established by compari- 
sons of temperature differences among the thermal 
receptors, instead of by comparisons of light 
intensity or by responses to light of any kind. 
Blind insects orientate as well as intact insects 
when they are stimulated to move at all, as long 
as there is sufficient air movement to intensify the 
temperature difference across their receptors. 

Until forward motion begins, there seems to be 
no good evidence that any factors are involved 
in the orientation but radiant heat from the sun, 
temperature as such, and the effects of wind upon 
temperature and upon the effectiveness of the 
thermal receptors. At the time travel begins, 
light has to be considered as a factor influencing 
maintenance of the orientation angle. The evi- 
dence points to maintenance of any one orienta- 
tion angle by reference to a pattern derived from 
the plane of polarization of light from the over- 
head sky. As long as the plane remains un- 
changed, however, constant adjustments in course 
may be made to take into account temperature 
changes in the insect and its surroundings. In 
other words, although the overall temperature 
experience of the insect leads it to adopt one 
orientation angle with respect to the sun, and to 
maintain this angle during travel by reference to 
the plane of polarization, it is quite capable of 
adopting another angle and therefore of using a 
different polarization pattern as soon as its tem- 
perature experience stimulates it to do so. At 
first glance, such flexibility does not imply that 
polarized light is a very important guide. It 
must be remembered, however, that an insect can 
be tricked during travel by an abrupt major 
change in the plane of polarization produced 
artificially by a polarizer. It is significant that 
directional changes produced in this way are 
much more easily obtained when the insect is not 
uncomfortably hot, or when it is not aided by 
wind if it is overheated. 

Responses of travelling insects to rotation of a 
polarizer are very spectacular when they occur, 
but no species responds consistently. Little ob- 
servation was required to show that results would 
be uncertain when smoke or cirriform clouds were 
in the sky, but incomplete responses also occur 
when the sky seems clear and, until 1953, no 
explanation of these could be found. Typically, 
a momentary response would occur, in which the 
insect under the polarizer would stop, or stop and 
turn, or turn for a moment while it was moving, 
but in each instance would soon return to its 
original course instead of adopting the one ex- 
pected after rotation of the polarizer. Sometimes, 
the insect would show no sign of detecting any 
change, and later respond to another rotation. 
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An example of a momentary response was dis- 
cussed in oui with overheated photonega- 
tive larvae of Choristoneura fumiferana (Clem.) 
(Wellington ef al., 1951) anda hy pothesis based on 
their visual apparatus was put forward. At 
present, however, although inexplicable negative 
results sometimes occur, most can be explained, 
and their occurrence can be predicted. 

Responses are easier to obtain when an insect 
is not heated above the temperature at which it 
begins to travel directly away from the sun. 
When it is not too hot, it can be induced to adopt 
a new direction which it may maintain as long as 
the new setting of the ‘“‘Polaroid”’ axis is main- 
tained, provided the state of the sky does not 
change. Changes in the sky are immediately re- 
flected in the path (Fig. 1D). Similarly, if the 
insect is travelling undisturbed and the sky 
changes, it will turn to follow the shift of the 
pattern produced by the natural major change in 
the plane of polarization (Figs. 1 B, C, and D). 

The hotter the insect becomes, the less apt it is 
to maintain any new heading that it momentarily 
adopts in response to a major change in the 
plane. When it is very hot, it may not even 
show signs of detecting such a change, although 
there is usually at least a flick of the head in 
response. Presumably, more intense stimulation 
of its thermal receptors at elevated temperatures 
forces it to respond primarily to radiant heat from 
the sun, so that when a change in plane leads it 
to turn towards the sun, it is forced to turn back, 
thereby abandoning the old polarization pattern 
and switching to a new one just as readily as it 
switches through part of a steadily maintained 
pattern in response to a aaa change. 
Wind frequently assists this suppression of the ex- 
pected response to a major change in polariza- 
tion even when the insect is relatively cool. 
Therefore, variations in the influence of plane 
polarized light may be summarized as follows: 

When the polarization plane is steady, or when 
it changes only infrequently through a large angle, 
such as 90°, insects may orientate for long periods 
by one pattern derived from it, following this 
pattern through each of its infrequent shifts. 
While the plane is steady, however, they are 
quite capable of discé irding the old pattern in 
favor of a new in response to a temperature 
change that calls for realignment with the stream 
of radiant heat from the sun. This substitution 
of patterns is accomplished most spectacularly 
when they are overheated, particularly if the 
efficiency of their thermal receptors is increased 
by wind. At such times they may effectively 
ignore a sustained shift of 90° in the plane of 
polarization. Reconsideration of the behavior of 
overheated C. fumiferana larvae suggests that this 
is all that is involved in their observed suppression 
of a response to rotation of a polarizer while they 
are moving away from the sun. 

On the other hand, when the plane of polariza- 
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tion is not fixed, and major changes in it recur 
very quickly, the dependence of insects upon 
polarized light, instead of sunlight, is revealed. 
At such times, apparently disorientated move- 
ments such as those shown in Fig. 1B and C be- 
come common, and even the ability of an over- 
heated insect to utilize radiant heat to guide it 
away from the direct rays of the sun is lost. In 
fact, it is common to see both larvae and adults 
fall victims of heat stroke on a sheet of paper 
while they are engaged in ineffectual circling 
movements in response to rapid changes in the 
sky. All insects observed seem quite incapable 
of completely discarding orientation by polarized 
light when the plane changes back and forth too 
rapidly for them to maintain a course by it. 

Contemplation of such behavior makes it diffi- 

cult to escape the conclusion that these insects are 
not disorientated in the sense that they lack a 
guiding stimulus. If anything, they seem to be 
hampered more by an excessive sensitivity to 
changes in the one aspect of light they use for 
orientation—the plane of polarization—than by 
their apparent insensitivity to a more obvious 
source of stimulation, the light from the sun. 
Observations such as these make it difficult to 
believe that the sun is employed as a ‘‘small 
light source’ or that a light compass reaction is 
performed when the sky is clear and the sun is 
exposed. If these responses can be termed light 
compass reactions—and it seems very misleading 
to apply this term to them—they occur in response 
to changes in the overhead sky, not in the sun. 

The importance of the sky directly above an 
insect cannot be minimized. For example, larvae 
of Archips fervidana (Clem.) ordinarily cannot be 
forced to crawl across a vertical surface; they will 
only crawl upwards. When a polarizing sheet is 
pl iced flat against the vertical surface so that it 
is above their heads just as it would be if they 
were on the ground, they respond to its rotation 
by attempting to crawl across, instead of up the 
surface. As long as the axis setting of the polar- 
izer is maintained, all larvae attempt to crawl in 
the new direction, and a few manage to do so 
without falling. In this instance, the light comes 
from the sky near the horizon, but it is still 
“overhead” as far as the larvae are concerned. 

When the sky is completely overcast, there can 
be no orientation by either polarized light or a 
light compass reaction. Insects that are then on 
a uniform surface without objects to which they 
can react appear to orientate by gradients of 
light intensity, just as they do indoors under 
comparable circumstances. 

When there is broken cloud cover, the sun is 
frequently obscured, with consequent changes in 
the temperatures of the ground and of objects 
upon it. Sometimes the overhead sky also is 
completely obscured. Insects that norms lly spend 
much of their time on the ground seldom stop 
moving under these conditions, but they change 





74 Annals Entomological Society of America 


direction frequently when they are on a uniform 
surface. Insects that normally live on vegeta- 
tion, but have been placed on a uniform surface, 
frequently stop moving until the sky changes. 
More often than not, however, there are breaks in 
overhead cloud, and if this cloud consists of 
water droplets, any insect continues to travel on a 
relatively straight course. This course is still 
maintained by reference to the plane of polariza- 
tion, since it can be changed by rotation of a 
polarizer (cf. Wellington ef al., 1951). 

It is important to note, however, that several 
insects moving at once under broken water drop- 
let cloud when the sun is obscured do not always 
travel in the same direction, since they are no 
longer affected by the stream of radiant heat from 
the sun. Each orientates with reference to the 


Fic. 6. The direction of travel adopted by five 
larvae of Erannis tiliaria (Harr.) crawling on a sheet of 
cardboard while the sun was fully exposed and the 
zenith was clear. To obtain the photograph, the larvae 
were first lined up in a row so that their bodies were at 
ipproximately 90° to the sun, and then they were re- 
leased together. After they had been moving for about 
30 seconds, the marker to indicate sun direction was put 
down, and the photograph was taken. (Photograph by 
D. C. Anderson). 


plane of polarization, but each individual may 
adopt its own course. Since a partly cloudy 
sky is a common occurrence, marked divergence 
in the courses of a number of insects moving over 
a uniform surface is more often observed than the 
opposite phenomenon: movement of several in- 
dividuals in the same direction when the sky is 
clear and the sun is exposed (Fig. 6). 

Throughout this paper, emphasis has been 
placed on relatively uniform substrates. It has 
been pointed out that uniform surfaces are essen- 
tial if some of the results described here are to be 
duplicated. Many natural surfaces are not at all 
uniform, but are broken, or creviced, or covered 


[Vol. 48 


with pebbles or short vegetation. Consequently, 
they present a patchwork of physical factors such 
as surface temperature. Recognition of this is 
important if the movements of insects over 
natural surfaces are to be interpreted correctly. 
In addition, it should be clear that overheated 
insects need not turn away from the sun when they 
are on a broken surface or on short-stemmed 
vegetation. Many kinds of insects become nega- 
tive to light as such when overheated, and those 
that do not still respond to gradients of tempera- 
ture or moisture. Steep vertical gradients of all 
these variables often exist in rubble or low vegeta- 
tion so that, often, overheated insects may move 
downward away from the sun, instead of turning 
away from it and continuing to travel over the 
surface. 

It has been pointed out (Griffin, 1953) that von 
Frisch’s discovery helped to explain Santschi’s 
puzzling observation that ants, first covered by a 
box for a few hours and then deprived of a view 
of the sun when released, still corrected their 
course in accordance with the change in solar 
position while they had been covered. Certainly, 
orientation by polarization patterns, which also 
shift with the sun, explained these results very 
well. On the other hand, in doing so, it raised 
the question of the true role of the sun in orienta- 
tion. Until now, the sun has been considered 
primarily as a light source, except in such well- 
known observations as those of Fraenkel (1930) 
on the orientation of basking locusts, and the 
light compass reaction has been considered to be 
the primary means of orientation utilized by an 
insect crossing an open space. The observations 
summarized and discussed here suggest a different 
hypothesis; namely, that the sun is primarily a 
heat source, and that the plane of polarization is 
the primary means of maintaining orientation to 
the sun, or any straight-line travel when the sun 
is absent, when an insect crosses an open space in 
daylight. 

This is not to suggest that there is no light 
compass reaction. Maintenance of a more or less 
constant angle to a small light source has been 
amply demonstrated in the laboratory (although 
a re-examination of interpretations of results 
might be worth while). Similarly, reactions to 
artificial light sources at night frequently take the 
form of a light compass reaction. Presumably, 
therefore, similar orientation could also occur in 
the field while fog, cirrostratus, or altostratus 
turned the sun into a small light source, provided 
other physical factors permitted any travel then. 
Recently, (Pardi and Papi, 1953; Papi and Pardi, 
1953) it has been shown that the amphipod, 
Talitrus saltator (Montagu), exhibits a light com- 
pass reaction in response to the moon, but this 
is an ideal instance of a small, discrete source. 
Again, Kennedy (1945) has demonstrated that 
the direction of marching desert locust hoppers 
can be changed by reflecting sunlight on them 
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with a mirror, and has also reported (1951) that 
the same result was obtained momentarily with 
a few flying adults. At first glance, these also 
appear to be good examples of a light compass 
reaction, and they may be, but it is also possible 
that radiant heat was involved along with the re- 
flected light, so that the examples do not provide 
the clearcut evidence for a light compass reaction 
outdoors that is given by the behavior of Talitrus. 
In future observations of the travel of any insect 
on the ground, it would be well to investigate 
responses to solar heat and to plane polarized light 
thoroughly before attributing any straight-line 
travel to orientation by a light compass reaction. 
The hypothesis suggested here still does not ac- 
count for all reactions observed, and presumably 
will undergo considerable modification in the 
future. Nevertheless, even in its present form it 
accounts for many more reactions than can be 
explained by the light compass reaction in direct 
sunlight, and also accounts for directional changes 
when the sun is not present but some sky is still 
visible. 


SUMMARY 


When insects travelling on the ground are ob- 
served, their movements indicate that they are 
not performing light compass reactions at a time 
when these would be expected, i.e., when the sun 
is in view. Even when the sun is exposed, they 
stop travelling on a relatively straight course and 
begin to change direction frequently, or circle, or 
halt when layers of smoke or ice crystal cloud that 
vary rapidly in thickness pass over the zenith. 
Furthermore, they do not resume straight-line 
travel until these rapid fluctuations in turbidity 
cease. 

On the other hand, as long as the plane of polar- 
ization remains unchanged, or changes abruptly 
but infrequently, it can be shown that travelling 
insects orientate with reference to the sun as a 
heat source, and that the orientation angles they 
adopt depend on how hot they are. In this 
orientation by the stream of radiant heat, they 
are aided by light wind that seems to increase the 
efficiency of their temperature receptors or to 
increase their ability to discriminate temperature 
differences across the body. 

Although it can be shown that an insect main- 
tains any one orientation angle with respect to 
the sun by reference to the plane of polarization 
during travel, it can also be shown that the insect 
is capable of discarding one polarization pattern 
derived from the plane for another any time a 
temperature change stimulates it to adopt a new 
orientation angle with respect to the sun. This 
ability to change from one polarization pattern to 
another holds only while the plane of polarization 
seldom varies, however, and it breaks down com- 
pletely as soon as the plane begins to change very 
rapidly, as when smoke or cirrus of varying 
densities pass overhead. At such times, even 
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overheated insects are incapable of travelling 
directly away from the sun, and often circle aim- 
lessly until they succumb to heat stroke. 

Such behavior indicates that the fully exposed 
sun is not used as a small light source in compass- 
ing and, indeed, that the light compass reaction 
does not occur at all in full sunlight. In place 
of the light compass reaction, an alternative hy- 
pothesis is offered. In its present form, it suggests 
that insects in open spaces orientate primarily by 
solar heat when it is available, and maintain 
their orientation to the sun or their straight-line 
travel in its absence by plane polarized light from 
the overhead sky. During overcast weather, 
travel that occurs is considered to be guided by 
gradients of light intensity. 

Various special aspects of orientation by solar 
heat and by plane polarized light are discussed, 
and possible pitfalls in technique are noted. 
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AN HIBERNAL STUDY OF ARTHROPODA WITH 
REFERENCE TO HIBERNATION! 


W. W. DOWDY, Lincoln University, Jefferson City, Missouri 


INTRODUCTION 


The author has made four studies in the Jeffer- 
son City area (1944, 1947, 1950, 1951). The 
first study dealt with the movement of soil inver- 
tebrates during the colder months of the year, 
the last three with the invertebrates (mainly 
arthropods) during the warmer seasons. The 
main objective of the present study, in the same 
area, is to learn more about the arthropods dur- 
ing the colder months of the year. The study 
then places emphasis on the hibernation of the 
species. 

Holmquist (1926) found that the hibernation 
period for arthropods in the Chicago region ex- 
tended from the middle of November to the 
latter part of March. Brown (1931) noted near 
St. Charles, Missouri, that invertebrates begin 
hibernating about November 1, and they emerge 
about April 15. 

In two studies, the author, Dowdy (1947, 
1950), observed that hibernation started about 
the middle of November and was broken-up about 
the middle of May, and about the middle of 
April, respectively. In a third, Dowdy (1951) 
stated hibernation was begun about December 1, 
and was terminated the latter part of May. In 
the present study hibernation had begun about 
October 29 and ended about May 15. 

According to these studies the beginning of 
hibernation varied from October 29 to December 
1, and the time it was broken-up varied from the 
latter part of March to the latter part of May. 
Hibernation is a variable phenomenon. This va- 
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riation is probably consistent with the variation 
of the many physical and biological factors in- 
volved. Moreover, not much is known concern- 
ing the factors involved in hibernation and those 
which are known have been little studied, and 
very few under controlled conditions. Different 
species also react differently to the same con- 
ditions. 

Jones (1946) maintains that the time of 
hibernation in the fall may depend upon the 
mean temperature, the rate of drop of tempera- 
ture, the minimum temperature, or a combination 
of these and that the time of emergence of a 
species in the spring is probably affected by 
much the same conditions as the time of beginning 
of hibernation in the fall. 

It seems that hibernation is influenced greatly 
by temperature, food and moisture. These could 
hardly be the only factors. Folsom (1922) 
stated that codling moth larva begins hibernation 
before the temperature falls and before food fails; 
and mosquitoes begin to hibernate before cold 
weather sets in. 

In this study the beginning of hibernation was 
determined by the reduction and disappearance 
of the arthropods from the vegetation strata, 
which is a gradual process and varies with the 
species. In general the reverse reaction of the 
species was considered the end of hibernation. 
The inactivity and lethargy of the species were 
also considered. 

Upon exposure to decreasing temperature the 
first line of defense of the arthropod fauna appears 
to be a downward movement toward the forest 
floor. However, some remained on the vegeta- 
tion throughout the winter. Animals found on 
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the vegetation after the beginning of hibernation 
will be given special emphasis. The hibernacula 
of most species not found on the vegetation will 
also be pointed out in the discussion. 

The author wishes to acknowledge his indebted- 
ness and to express his sincere thanks and appreci- 
ation to the following specialists in the taxonomic 
determination of material belonging to special 
groups: Willis J. Gertsch, Araneida; Richard L. 
Hoffman, Diplopoda; Ralph Crabill, Jr., Chilo- 
poda; Kenneth A. Christiansen, Collembola; E. 
W. Baker and E. A. Chapin, Acarina; A. B. 
Gurney, Orthoptera; R. I. Sailer, Hemiptera; 
David A. Young and L. M. Russell, Homoptera; 
O. L. Cartright, W. H. Anderson, E. A. Chapin, 
Milton W. Sanderson and William C. Stehr, 
Coleoptera; Alan Stone, C. W. Sabrosky, W. W. 
Wirth, Diptera; H. W. Capps and J. G. Francle- 
mont, Lepidoptera; B. D. Burks, Tenthredinidae; 
K. V. Krombein, Halictidae, C. F. W. Muesebeck, 
Braconidae; L. M. Walkley, Ichneumonidae; Mary 
Talbot, Formicidae. 


LOCALITY AND METHODS 


The study was carried on in an oak-hickory as- 
sociation. The forest has undergone several dis- 
turbances which justifies its classification as a 
secondary area. A more detailed description of 
the area, the vegetation, etc., has been made by 
the author, Dowdy (1947). 

The field work was carried on from January to 
June, 1949. The collecting was resumed October, 
1949, and continued to June 1, 1950. Field trips 
were made each Saturday and on numerous other 
days. Occasional collections were also made 
during the winter of 1950-1951. Collections were 
made from the interior of the forest, the Northern 
ecotone of the forest and from a field adjacent to 
and north of the forest. In taking samples of 
the herbs and shrubs from the interior of the 
forest and from the ecotone 50 strokes were made 
with the insect net. From the dead leaf layer 
one square foot was taken. From the field com- 
munity samples were taken from the herbs only 
by making 50 strokes with the net. Qualitative 
collections were also made from rotten logs, 
stumps, beneath stones, pieces of wood, bark of 
living trees, etc. However, as the work pro- 
gressed it became apparent that because of the 
nature of the problem the quantitative aspect of 
the study would not have much bearing upon its 
objective and, therefore, not emphasized. 

Temperatures were recorded by a dual thermo- 
graph, by maximum-minimum thermometers and 
by the ordinary hand thermometer. The relative 
humiditv was recorded by a hydrograph (record- 
ing hair hygrometer) and by the cog psychrom- 
eter. These records will be referred to only at 
such places in the study as they appear to have 
relation to the species under discussion. An ac- 
count will now be rendered of the various groups 
and species collected. 


PSEUDOSCORPIONIDA 


One species, Dactylochelifer copiosus and four 
individuals were collected in the leaf stratum of 
the forest drring October, March and May 


PHALANGIDA 


Leiobunum crassipalpe, one specimen was col- 
lected in the leaf stratum of the ecotone in 
October. 


ARANEIDA 


Dictynidae. One species and 154 individuals 
were taken during the entire period of investiga- 
tion. All individuals were Dictyna volucripes. 
Throughout the study this species was taken 
mostly from the herbs of the field community, 
this was true even during the coldest part of the 
winter. 

In a previous study in this area several stations 
were located in the woods and one in the field 
(Lespedeza Associes) and of a total of 610 Dictyna 
vilucripes taken 548 were from the field com- 
munity. The previous study also indicated 
that they were taken mostly during the winter 
months. To quote from that study, Dowdy 
(1950) “The population peak was reached in 
February when 157 were collected. It should be 
recalled that the temperature reached its lowest 
monthly average in February, being 0.36° C. This 
spider was taken in larger numbers during the 
cold and cool months than during the warm or 
hot months.’’ Many were taken with tempera- 
tures below freezing but still active. The large 
numbers taken from the herbs at low temperatures 
would indicate that they do not seek shelter for 
the winter or that the standing vegetation affords 
sufficient protection against the cold. Since this 
species is a web-builder and the field community 
affords a greater abundance of low vegetation 
suitable for web-building than the woods, is 
probably another reason for a larger number re- 
maining in the field than in the woods. 

Amaurobiidae. Titanoeca americana, with three 
individuals, was the only species. One was taken 
in the herb stratum of the field on December 30, 
and the remainder in the leaf stratum of the 
forest in April. 

Segestriidae. Two specimens of Ariadna 6:- 
color were collected on February 11, under bark 
of a living shagbark hickory. 

Theridiidae. Five species and nine specimens 
were collected. Comopistha cancellata and Crustu- 
lina altera were taken in the shrubs of the forest 
on December 3, and May 1, respectively; the 
latter was also taken in the leaf stratum on 
February 25. Theridula sphaerula was taken in 
the herbs of the forest on November 19, and one 
specimen of Theridion in the herbs of the ecotone 
on May 6, and Dipoena nigra in a rotten log on 
October 1. Other specimens were taken in the 
leaf stratum during December and February. 
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Erigonidae. Seven species and 21 specimens 
were collected. All were taken in the leaf stratum 
except five individuals of the genus Ceratinopsis 
which were not named. These five were taken in 
the herbs of the ecotone on May 1, 5 and October 
99 

Since all the others were taken from the leaf 
stratum during the colder months this is an 
indication that the species of this family take 
shelter very early upon the approach of winter. 

Linyphiidae. Six species and a total of 22 
specimens were collected. Fourteen specirnens 
were Frontinella communis. This species was col- 
lected from the herbs of the forest on November 
19, the herbs of the ecotone on December 10, 30, 
January 14, 21, the herbs of the field on December 
30, January 14, February 14, and 18. It was also 
taken from the shrubs of the forest community on 
December 10 and 30. The evidence strongly in- 
dicates that this is a very hardy species. All 
other species were limited to the leaf stratum 
except Lepthypantes apalachea which was taken 
in the herbs of the forest on October 22 and from 
the leaf stratum of the same community on 
February 25. 

With the exception of Frontinella communis 
these species appear to have a distinct negative 
reaction to a low temperature. 

Nesticidae. Nesticus pallidus was the only 
species. One was taken from theleaf layer on 
March 5, and another from a rotten log on 
February 19. 

Mimetidae. Only one specimen of the genus. 
Mimetus was taken; it was collected in the herbs 
of the forest on May 8. 

Argiopidae. Twelve species and 95 individuals 
were collected. During the period of hibernation 
several species were taken from the vegetation 
strata. Mangora placida was the most abundant 
of the Argiopidae, 45 specimens were taken. Sev- 
eral were collected on the herbs and shrubs during 
the period of hibernation. From the herbs of 
the forest specimens of Mangora placida were 
taken on December 30, April 22, and from the 
herbs of the ecotone on January 14, 21, May 6, 
and 13, also from the shrubs of the ecotone on 
November 19. This species was also taken from 
the herbs of the field community on November 12 
and April 1. On December 10 it was taken from 
a rotten log and November 11, from beneath the 
bark of a living shagbark hickory. This species, 
therefore, has a wide distribution during hiber- 
nation. 

Cyclosa conica and Eustala anastera were col- 
lected from the shrubs of the forest on May 6, 
and December 10, respectively, the latter was also 
taken from the herbs of the ecotone on January 
29, and from the shrubs of the same community 
on November 26. Singa variabilis was taken 
from the herbs of the forest on December 3, 
February 11, 26, April 1, May 1, 6, and 13. 
Larina directa and Leucauge venusta were collected 
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from the herbs of the forest on April 1, and May 
13, respectively. 

It therefore appears that some species of this 
family seek shelter during the winter whereas 
others are found in an active state on the vegeta- 
tion throughout the winter. 

Agelinidae. Two species and eleven individuals 
were collected. One specimen of Cicurina ludo- 
viciana was taken from a rotten log on October 1. 
All other specimens were taken from the leaf 
stratum during the period of hibernation. 

Oxyopidae. Only one species wastaken. This 
species Oxyopes salticus, appears to be hardy 
since all of its 44 specimens, except one, were 
taken from vegetation strata during the period 
of hibernation and many of them on very cold 
days. 

Pisauridae. One species and 38 individuals of 
Dapanus mirus were collected. Twelve were 
taken from the herbs of the forest on December 
30 and April 22, and from the herbs of the ecotone 
three were taken on November 4, 12 and Decem- 
ber 3. Seven specimens were also taken from a 
rotten log during October, December, January 
and February. Some were also taken from the 
dead leaf layer. 

Some individuals of this species appear to be 
able to withstand low temperature. Three speci- 
mens of Dolomedes were taken from a rotten log 
on December 3. They were immature. 

Lycosidae. Seven species and 67 specimens 
were collected. During the period of hibernation 
only one species was found on the vegetation. 
This species was Arctosa funera and it is significant 
that it was taken from the herb stratum on May 5 
and 13, near the end of the hibernation period. 
During the hibernation period all other lycosids 
were taken from the leaf stratum, and rotten logs, 
but mostly from the former. 

It therefore appears that the seven species of 
lycosids seek shelter very quickly from the winter. 

Uloboridae. Three specimens of Uloborus amer- 
icus were taken from the herbs of the forest on 
October 8. 

Thomisidae. Ten species and 18 specimens 
were collected. Species taken in the vegetation 
strata during hibernation were as follows: Misu- 
menops asperatus was collected from the herbs of 
the forest on April 1, Parasynaema viridans from 
the herbs of the ecotone May 5, Philodromus sp. 
from the shrubs of the forest December 10, 
Synema parvula from the herbs of the forest May 
6, Tibellus duttoni from the herbs of the field May 
6 and Tmarus angulatus from the herbs of the 
forest on May 5, and February 12. All other 
species, except one, were taken from the leaf 
stratum. Two specimens of NX ysticus elegans were 
taken from a rotten log on October 29. 

Since practically all species taken on the vegeta- 
tion were taken near the beginning or the end of 
the hibernation period it is doubtful if they can 
withstand low temperatures. Some were also 
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taken in the dead leaf layer, logs, and beneath the 
bark of trees. 

Ghaphosidae. Five genera, two species and 37 
specimens were taken. All were taken from the 
leaf stratum except one specimen of the genus 
Zelotes which was taken from the shrubs of the 
forest on October 29. Specimens were taken in 
October, November, December, January, Feb- 
ruary and March. 

The fact that all, except one, were taken from 
the leaf stratum strongly indicates that these 
spiders take cover quickly in order to avoid ‘the 
cold. 

Clubionidae. Six species and 77 specimens were 
collected. Only one specimen, Zora pumila, was 
taken from the vegetation during hibernation; 
this spider was taken from the herbs of the field 
community on April 1. Others were taken from 
the vegetation strata but prior to or following 
the period of hibernation. 

Since practically all specimens were found in 
the leaf stratum during the hibernation period it 
therefore appears that they have a very: strong 
negative reaction to the approach of winter. 

Salticidae. Sixteen species and 147 specimens 
were taken. Five species were taken from the 
vegetation strata during the hibernation period 
and most of the remainder from the leaf stratum; 
a few were taken from rotten logs and beneath 
the bark of a living shagbark hickory. Species 
found on the vegetation during the hibernation 
period follow: Evarcha hoyi was taken from the 
herbs of the ecotone on December 3, and Habronat- 
tus elegans from the herbs of the forest on April 
1, Metaphidippus galathea from the shrubs of 
the forest November 4 and May 6, M. protervus 
from herbs of the forest April 1, 6, 18, Phidippus 
clarus from the shrubs of the ecotone on April 20, 
and P. audax from the herbs of the field on 
November 11. 

These species appear to show a negative reac- 
tion to the winter since most of them took shelter 
during the hibernation period and those that were 
taken from the vegetation during this period were 
there either at the beginning or near the end of it. 


ACARINA 


Euzercon latus and Cosmolaelaps tridentalus, 22 
specimens, were found on the bodies of Passalus 
cornutus in rotten stumps on February 19, and 26. 
The author is quite certain that these mites were 
ectoparasitic on the bodies of these beetles. 


DIPLOPODA 


The Diplopoda were distributed among four 
families. Thirty-five specimens and two species 
were taken, all from the leaf stratum of the 
forest except six which were taken from a rotten 
log. They were collected mostly in October but 
some were taken in January, February, and 
March. 


FHibernal Study of Arthropoda 


CHILOPODA 


Five species were identified and all, except one, 
were taken in the leaf stratum of the forest; one 
was taken in a rotten log. They were taken 
during the months of October, January, February 
and March. Thirteen individuals were collected. 


COLLEMBOLA 


Only two species were identified. They were 
collected during December, January, February 
and March. All were taken in the leaf stratum of 
the forest—26 specimens. 


ORTHOPTERA 


Eight species and 234 specimens were collected; 
however only three species were collected during 
hibernation. Most specimens belong to the genus 
Parcoblatta. Six species were limited to the eco- 
tone. Chortophaga viridifasciata nymphs were 
taken in the herbs of the ecotone on November 15, 
December 3, January 17, and March 4. On 
December 3, this species was in a lethargic condi- 
tion, and took several minutes after being dis- 
turbed, before becoming active. Melanoplus 
femur-rubrum and Schistocerca americana were col- 


lected from the herbs of the ecotone on November 


19. Among the first to appear on the vegetation 
in the spring was Tettigidea lateralis. This species 
was collected from the herbs in the field com- 
munity on April 22. Tettigidea lateralis was 
the only species taken from the leaf stratum; it 
was collected in that stratum in October, Febru- 
ary, March and April. This species was still in 
hibernation on April 15, but was taken from the 
herbs of the field on April 22. 

About 202 nymphs of the genus Parcobdlatta 
were taken in the leaf stratum. They were never 
taken in any other stratum. Some were taken 
every month during the period of study. Only 
two specimens were collected in the ecotone. In 
this same locality Dowdy (1951) also found all 
specimens of Parcobdlatta lata limited to the leaf 
stratum. There was never any indication of a 
lethargic condition in any of these specimens. 
They always moved quickly and rapidly when 
exposed and disturbed. Parcoblatta were never 
recorded as being gregarious, in fact they were 
mostly solitary. However, in some cases two 
were found together; these are the wild wood 
roaches. 


ISOPTERA 


One species, Reticulitermes virginicus, and seven- 
teen of the forest, some on October 1 and March 4. 
From the leaf stratum of the ecotone three were 
taken, some on October 1 and March 4. 


HEMIPTERA 


In this order, 34 species and 162 specimens were 
taken. The family Pentatomidae contained the 
largest number of species, 11. The last Hemip- 
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tera to be collected from the vegetation strata in 
the fall were Nabdis roseopennis; it was taken from 
the herbs of the field community on December 3, 
Podisus maculiventris from the herbs of the 
ecotone on Novembeer 12, and Phylegyas abbrevia- 
tus from the herbs of the field on November 19. 
Among the first to appear on the vegetation in 
the spring were Jalysus spinosus in the herbs of 
the ecotone on May 2, and the herbs of the field 
on April 1. On May 6, Acrosternum hilare was 
taken in the herbs of the forest, and Coenus 
delius, in the herbs of the field on May 5. 

The species taken in this order, for the most 
part, show a negative reaction to the winter 
season. 


HOMOPTERA 


A total of nineteen species and 213 individuals 
were collected; thirteen species were Cicadellidae. 
Lepyronia quadrangularis was collected from the 
herbs in both the field and forest communities on 
December 3. Erythroneura kanza was collected 
from the shrubs in the ecotone on December 30, 
and E. carmini was taken from beneath the bark 
of a living shagbark hickory on February 26. 
Eutettix discolor was taken in the forest commun- 
ity from the shrub stratum on December 10, and 
30. Among the first to appear on the vegetation 
strata during the spring were Lepyronia quad- 
rangularis in the herbs of the field community on 
April 1, Gyponana brevihama in the herbs of the 
ecotone on May 2, Paraphelpsius irroratus in the 
shrub stratum of the ecotone on May 2, and 
Acanalonia bivittata in the herbs of the forest 
community on May 13. Trioza maura and T. 
tripunctata were gregarious in the leaf stratum of 
the forest on February 12. The genera Em- 
poasca and Erythroneura were also gregarious in 
the leaf stratum of the forest on February 12, and 
16, respectively. Both aggregations were large. 
Only a limited number of each aggregation was 
taken. The gregarious species were hibernating 
and became active only after being disturbed. 

The species taken in this order, for the most 
part, take shelter during the winter. 

DIPTERA 

Seventeen species and about 1221 Diptera were 
distributed among twelve families, but the Musci- 
dae was the only family which contained as many 
as four species; four families contained two species 
each and the remainder, one each. Sepsis punc- 
tum was collected in the herbs of the ecotone on 
December 30, and another specimen of the genus 
was collected in the herbs of the forest on Febru- 
ary 19. Hylemya cilicrura was collected in the 
herbs of the field on December 30. Leptopsilopa 
atrimana and Psilopa comta were taken in the 
herbs of the forest on March 5. The first Diptera 
to appear on the vegetation in the spring were 
Actina viridis in the herbs of the ecotone, May 4, 
and Scopeuma furcatum in the shrubs of the 
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forest on May 1. All specimens were active. 
Pyrellia cyanicolor was found gregarious in a log 
in the fourth stage of decay on December 10. 
About 92 larvae of the genus Bibio were also 
found gregarious among the leaves of the forest 
on October 10. These larvae were hibernating, 
but for most Diptera, hibernation had not started 
by this time. On January 10, 100 of these larvae 
were also taken from a rotten log in the fourth 
stage of decay, and became active only after being 
exposed and disturbed. 

Some species taken in this order were found 
exposed to the rigors of the winter but most 
species take shelter during the winter. 

An interesting case was that of Chymomyza 
amoena, of which 980 larvae were taken from 97 
acorns during February and March. They prob- 
ably inhabited the acorns for both food and 
shelter. The acorns were picked up from the 
forest floor and carried to the laboratory where 
the larvae were extracted. The acorns were from 
the white oaks, Quercus alba. 


LEPIDOPTERA 


All lepidopterous insects were larvae—10 spe- 
cies and 26 specimens. Lophodonta angulosa was 
collected in the shrubs of the forest on October 22, 
and Everes comyntas, in the herbs of the forest on 
October 15. However, this was prior to the 
beginning of hibernation in this study. Other 


species were taken in the vegetation strata the 
earlier part of October. Among the first to appear 
on the vegetation during the spring was Leucaria 
sp. on the herbs of the field on May 26. Only 
four species were taken during the period of hi- 
bernation—one in the herbs of the field and 
three in the leaf stratum of the forest. 


COLEOPTERA 


Seventy-three species and 304 specimens were 
collected. Twelve species were chrysomelids, ten 
carabids, ten staphylinids and eight coccinellids. 
Very few species were found on the vegetation 
after the beginning of the hibernation period, 
less than in most orders, especially when the 
size of the order is considered. However, the 
following were collected on the herbs after the 
hibernation period had begun: Ctlenicera stigma 
in the forest community on December 30, Chilo- 
corus bivulnerus in the same community on 
December 3, Photinus pyralis and Telephanus 
velox in the ecotone on February 11, and Decem- 
ber 30, respectively, and Anthribulus rotundatus 
in the field on January 14. Nospecies were found 
on the shrubs during the hibernation period. 
Among the first species to appear on the vegeta- 
tion in the spring were: Aderocharis corticina in 
the herbs of the ecotone on March 25, Brachya- 
cantha ursina var. stellata in the herbs of the 
forest on April 15, Antima confusa and Oedionychis 
sexamaculata in the shrubs of the forest on April 
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15 and May 6, respectively. Several other 
species were collected on the vegetation strata 
between May 6 and May 27, an indication that 
the time of emergence from hibernation is gradual 
and varies with the species. Several species were 
found in a gregarious condition as the following 
will show: Alobates barbata on December 3 be- 
neath the bark of living shagbark hickory, this 
species remaining in a state of dormancy for an 
hour or more after being exposed and disturbed; 
Gynandropus hylacis in the leaf stratum of the 
forest on December 3; Platynus sinuatus in a 
rotten log in the fourth stage of decay on Feb- 
ruary 19, the latter being inactive at first, but 
becoming active in a matter of minutes after being 
disturbed; Ampedus melsheimeri on February 26 
in a rotten log in the third stage of decay and 
Passalus cornutus on February 19, also in a rotten 
log in the fourth stage of decay. 

The data show that several species remained 
on the vegetation during the winter but a much 
larger number sought shelter than remained on 
the vegetation. 


HYMENOPTERA 


A total of 22 species and 1064 specimens were 
taken; 12 species were ants. No hymenopterous 
insect was taken from the vegetation strata 
after October 29, the beginning of hibernation; 
this was also true in the same community in the 
work of Dowdy (1947). This is an indication 
that hibernation probably takes place earlier in 
this order than in most orders. The first species 
to emerge from hibernation were Ceratina metal- 
lica and Erythaspides carbonaria in the herbs of 
the forest on April 22, and May 12, respectively. 
The ant, Leptothorax curvispinosus, was found on 
the shrubs of the forest as early as April 9. 
Tapinoma sessile and Monomorium minimum were 
taken from the herb layer of the ecotone on May 
2, and Crematogaster lineolata from the herbs of 
the forest on May 6. 

On February 25, about 100 Leptothorax curvis- 
pinosus, stuck close together in a cluster, were 
found gregarious among the dead leaves. When 
exposed and disturbed the cluster made sort of a 
vibratory movement in unison. When the dis- 
turbance continued most of them moved out 
from the cluster. 

Crematogaster lineolata were found in a rotten 
log on February 19, in the fourth stage of decay. 
These ants were there apparently to hibernate 
since they were inactive. The total numbered 
600 or more. The ant, Tapinoma sessile was 
also taken on March 29 from a rotten log in the 
fourth stage of decay. They were active and 
numerous. 

If the taking of shelter during winter is any 
evidence of hibernating there is little doubt that 
ants hibernate during the winter. They probably 
present one of the clearest cases of hibernation of 
any species. The studies of Holmquist (1928) 
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and Talbot (1943, 1951) have produced data in 
support of the hibernation of ants. 


SUMMARY AND CONCLUSIONS 


A total of 4104 arthropods were collected: 
3264 Insecta; 48 Myriapoda; 792 Arachnida, 
mostly spiders. 

A total of 285 species were identified: 86 
Arachnida, 7 Myriapoda and 192 Insecta. The 
families of spiders having the largest number of 
species were Salticidae 14, Linyphiidae and Argio- 
pidae 13 each, Thomisidae, Lycosidae and Theri- 
diidae 7 each. The orders of Insecta having the 
largest number of species were Coleoptera 74, 
Hemiptera 36, Hymenoptera 22, Homoptera 20, 
Diptera 11 and Orthoptera 8. 

During the period of hibernation 494 specimens 
were swept from the herbs and shrubs but mostly 
from the former. From the dead leaf layer in 
the interior of the forest 855 specimens were 
taken whereas only 128 were taken from the 
same stratum in the ecotone. Almost seven times 
as many were collected in this stratum of the 
forest as in the ecotone during hibernation, but 
before and after the period of hibernation only 
little less than twice as many were collected in 
the leaf layer of the forest as in the ecotone. 
Both the dead leaf layer of the ecotone and the 
forest became more heavily populated during 
the period of hibernation. During this period 
1980 specimens were also taken from rotten logs, 
stumps, beneath bark of trees, rocks and other 
objects. 

Spiders appear to show less negative reaction to 
cold than insects. During the period of hiberna- 
tion 67 percent of the arthropods collected from 
the herbs in the open field were spiders. During 
the same period 85 percent collected from the 
herbs and shrubs of the ecotone were spiders but 
from the herbs and shrubs in the interior of the 
forest only 56 percent were spiders, and from the 
dead leaf layer only 29 percent were spiders. 

During the period of study the average monthly 
air temperature was as follows: October 16.1° C., 
November 6.11° C., December 2.22° C., January 
0.56° C., February 2.22°C., March 5.00°C., 
April 11.1°C., May 18.9°C. The average tem- 
perature for the period of hibernation was 7.77° C. 

The reaction of the arthropod fauna to the 
winter season falls into the following categories 
or groups: 

First—Those species which remain on the herbs 
and shrubs throughout the winter, for example: 
Dictyna volucripes, Frontinella communis, Oxyopes 
salticus, Dapanus mirus and Mangora placida, all 
spiders. 

Second—Species not found on the herbs and 
shrubs during the period of hibernation but take 
shelter in certain places of concealment: Drassylus 
aprilinus, Drassodes neglectus, Avysha gracilis, 
Phrurotimpus palustris, Hentzia palmarum, Preno- 
lepis imparis, Augochlora pura. 
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Third—Species which seek shelter during the 
winter but were the last to disappear from the 
vegetation. Their disappearance from the vege- 
tation being later than those species listed in the 
second category. For example, certain species 
did not migrate downward to seek shelter until 
about December 30: Erythroneura kanga, Sepsis 
punctum, Hylemya cilicrura, Scaptomyza graminum 
and Clenicera divaricata. 

Fourth—The fourth group like the third sought 
shelter for the winter but were the first to emerge 
from hibernation during the spring on the dates 
indicated: Psilopa comta March 5, Aderocharis 
corticinus March 25, Leptothorax curvispinosus 
April 9, Brachycanatha ursina and _ Ceratina 
metallica April 12, Tettigidea lateralis April 22, and 
Jalysus spinosus May 5. 

Fifth—The negative reaction to the winter 
season was shown by some species through gre- 
gariousness or the formation of aggregations. The 
following species were found in a gregarious 
condition: Alobates barbara, Gyandropus hylacis, 
Platynus sinuatus, Ampedus, melsheimeri, Passalus 
cornutus, and Leptothorax curvispinosus. 

In Central Missouri hibernation is a gradual 
phenomenon varying among the species, some 
species begin hibernating early, some late. The 
emergence from hibernation likewise varies among 
the species, some emerging early and some late. 
Still certain other species, whatever might be the 
extent of their hibernation, remain on the herbs 
and shrubs throughout the winter. Some species 
also form aggregations in various habitats as a 
negative reaction to the cold. No aggregation 
was ever found on the herbs and shrubs but always 
in some place of concealment. Some arthropods 
are active on very cold days. This was true of 
spiders to a greater extent than of insects. 
During hibernation arthropods are distributed 
among a large number of habitats. The last 
species to enter hibernation were not the first to 
emerge from hibernation. 

Corbelli (1903) maintained that temperature is 
the main factor causing hibernation in ants. He 
found that the time of entrance into hibernation of 
these insects and their emergence from hiberna- 
tion was directly correlated with their sensitivity 
to cold. McCook (1877) and Tanquary (1913) 
noted the relation between temperature and nest 
activity during fall and winter in other species. 
Holmquist (1928) and Talbot (1951) also find a 
close correlation between temperature and hiber- 
nating in ants. 

Factors other than temperature probably in- 
fluence the hibernation of arthropods but tempera- 
ture is apparently the most important factor. 
The correlation between temperature and hiber- 
nation is close. Decrease in temperature during 
fall and early winter is gradual, the increase is 
also gradual during spring and early summer. 
The decrease of the arthropod fauna during fall 
and early winter is gradual, the increase is also 
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gradual during spring and early summer. During 
very cold days in winter insects are rarely seen 
on the wing, but on warm days in winter many 
might be seen on the wing. 


A List OF THE SPECIES IDENTIFIED 
ARACHNIDA 


Pseudoscorpionida—Dactylochelifer copiosus Hoff. 
Phalangida—Leitobunum crassipalpe Banks. 
Araneida—Dictyna volucripes Keys, Titanoeca ameri- 

cana (Em.), Ariadna bicolor (Hentz), Asagena americana 
Em., Conopistha cancellata (Hentz), Crustulina altera 
Gertsch and Archer, Dipoena nigra Em., Euryopis sp., 
Theridion sp., Theridula sphaerula (Hentz), Ceraticelus 
fissiceps (O. P. Cambr.), Ceraticelus laetabilis (O. P. 
Cambr.), Ceraticelus minutus (Em.), Ceratinella brunnea 
(Em.), Ceratinopsis sp., Eridantes erigonoides (Em.), 
Origanates rostratus (Em.), Scylaceus pallidus (Em.), 
Frontinella communis (Hentz), Lephthyphantes appalachia 
Chambr. and Ivie, Lephthyphantes leprose (Ohlert), Mi- 
croneta latidens Em., Microneta multesima (O. P. Cambr.), 
Microneta viaria (Black), Microneta sp., Nesticus pallidus 
Em., Mimetus sp., Araniella displicata (Hentz), Acacesia 
folifera (Marx), Acanthepeira stellata (Walck.), Cyclosa 
conica (Pallas), Eustala anastera (Walck.), Larinia directa 
(Hentz), Leucauge venusta (Walck.), Mangora placida 
(Hentz), Neoscona benjamina (Walck.), Singa variabililis 
Em., Singa pratensis Em., Tetragnatha laboriosa Hentz, 
Agelenopsis sp., Cicurina ludoviciana Simon, Cicurna sp., 
Coras lamellosus (Keys.), Oxyopes  salticus Hentz, 
Dapanus mirus (Walck.), Dolomedes sp., Arctosa funera 
(Hentz), Lycosa nigraurata Montg., Lycosa punctulata 
Hentz, Lycosa rabida Walck., Lycosa sp., Pardosa milvina 
(Hentz), Pardosa sp., Lycosa avara (Keys.), Schizocosa 
crassipes (Walck.), Uloborus americanus Walck., Coriar- 
achne versicolor Keys., Misumenops asperatus (Hentz) 
Misumenops celer Hentz, Misumenops oblongus (Keys.), 
Parasynaema viridans (Banks), Philodromus sp., Synema 
parvula, (Hentz), Tibellus duttont (Hentz), Tmarus angu- 
latus (Walck.), NXysticus elegans Keys., Xysticus ferox 
(Hentz), Callilepis sp., Drassyllus aprilinus (Banks), 
Drassodes neglectus (Keys.), Sergiolus sp., Zelotes sp., 
Anyphaena celer (Hentz), Anyphaena sp., Aysha gracilis 
(Hentz), Castianeira cingulata (C. L. Koch), Castianeira 
sp., Clubiona pallens Hentz, Phrurotimpus palustris 
(Banks), Phrurotimpus sp., Zora pumila (Hentz), Evarcha 
hoyi (Peck), Habrocestum sp., Habronattus elegans (Peck.), 
Hentzia palmarum (Hentz), IJcius sp., Maevia vittata 
(Hentz), Myrmarachne hentzi Banks, Marpissa undata (De 
Geer), Metaphidippus galathea (Walck.), Metaphidippus 
protervus (Walck.), Metaphidippus sp., Onondago lineata 
(C. L. Koch), Peckhamia sp., Phidippus clarus Keys., 
Phidippus audax (Hentz), Phidippus insolens (Hentz), 
Phidippus mystaceus (Hentz), Phidippus sp., Synemosyna 


formica Hentz, Thiodina sylvana (Hentz), Zygoballus 


bettint Pack. 
Acarina—Euzercon latus Banks, Cosmolaelaps triden- 
talus Pearse and Wharton. 


MYRIAPODA 


Diplopoda—Auturus mimetes Chamb., Eurymero- 
desmus sp., Nannaria sp., Pseudopolydesmus hubrichti 
Chamb., Scytonotus sp. 

Chilopoda—Bothropolys multidentatus (Newport), Neo- 
lithobius voracior (Chamb.), Nadbius iowensis (Meinert), 
Geophilus missouriensis (Chamb.), Pachymerium ferrugt- 
neum (Koch). 

INSECTA 

Collembola—Dicyrtomina sp., Isotoma viridis Bourlet, 
Tomocerus flavescens (Tullb.) 

Orthoptera — Chortophaga viridifasciata (De Geer), 
Melanoplus femur-rubrum (De Geer), Melanoplus obova- 
tipennis (Blatchley), Schistocerca americana americana 
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(Drury), Ischnoptera deropeltiformis (Brunner), Parco- 
blatta sp., Acheta assimilis F., Diapheromera femorata 
(Say), Tettigidea lateralis (Say). 

Isoptera—Reticulitermes virginicus (Banks). 

Hemiptera—A crosternum hilare (Say), Brochymena ar- 
borea (Say), Corimelaena pulicaria (Germ.), Coenus 
delius (Say), Euschistus tristigmus Say, Euschistus vari- 
olarius P. B., Mormidea lugens (F.), Podisus maculiventris 
(Say), Sehirus cinctus (Pde. B.), Stethaulax marmoratus 
(Say), Thyanta accerra (F.), Acanthocephala femorata (F.), 
Arhyssus lateralis (Say), Alydus eurinus (Say), Lepto- 
glossus oppositus (Say), Megalotomus quinquespinosus 
(Say), Jalysus spinosus (Say), Cryphula paralleogramma 
Stal., Drymus unus (Say), Myodocha serripes Oliv., 
Oedancala dorsalis (Sav), Ozophora picturata Uhl., Phlegyas 
abbreviatus Uhl1., Corythuca marmorata Uhl., Phymata fasci- 
ata (Gray), Acholla multispinosa (Degeer), Emesa brevi- 
pennis (Say), Melanolestes picipes (H.-S.), Sinea spinipes 
(H.-S.), Nabis ferus Linn., Nabis roseipennis (Reuter), 
Nabis sordidus Reuter, Horcias dislocatus Say, Lygus 
oblineatus (Say). 

Homoptera—A canalonia bivittata (Say), Stobaera sp., 
Agalliopsis sp., Acinopterus sp., Aulacises irrorata (F.), 
Doleranus longulus (G. & B.), Draeculacephala mollipes 
(Say), Empoasca sp., Erythroneura carmini Bmr., Erythro- 
neura kanza Rob., Erythroneura sp., Eutettix discolor 
Hepner, Graphlocephala coccinea (Forst.), Gyponana brevi- 
hama Del., Latalus sayi (Fitch), Neokolla hieroglyphica 
(Say), Paraphlepsius irroratus (Say), Scaphytopius sp., 
Stirellus obtutus (Van D.), Texananus sp., I epyronia quad- 
rangularis Say, Campylenchia latipes Say, Entvlia concisa 
Walk., Stic ocephala inermis (F.), Trioza maura Foerst, 
Trioza tripunctata (Fitch). 

Diptera—Bibio abbreviatus Lw., Bibio femoratus Wied., 
Bibio sp., Fungivora fungorum (Degeer), Actina viridis 
(Say), Mesogramma geminata (Say), Mesogramma margi- 
nata (Say), Leptocera sp., Sphaerocera annulicornis Mall., 
Leptopsilopa atrimana (Lw.), Psilopa compta (Mg.), 
Hippelates particeps (Beck), Sepsis punctum (F.), Sepsis 
sp., Chymomyza amoena (Loew), Dictya sp., Scopeuma 
furcatum (Say), Hylemya cilicrura (Rond.), Orthellia caesa- 
rion (Mg.), Pegomya sp., Pyrellia cyanicolor (Zett.), 
Stomoxys calcitrans (Linn.). 

Lepidoptera—Everes comyntas (Godart), Agrotis sp., 
Leucania sp., Scolecocampa liburna (Geyer), Haploa sp., 
Cisseps fulvicollis (Hbn.), Heterocampa manteo (Dbldy.), 
Lophodonta angulosa (A. & S.), Anavitrinella humaria 
(Guen.), Synchlora aerata (F.), Callizzia amorata Pack, 
Valentinia glandulella (Riley), Acrolophus sp., Antaeotricha 
schlaegeri Zell. 

Coleoptera—A mara fallax Lec., Calathus opaculus Lec., 
Galerita atripes Lec., Gastrosticta obscura (Say), Gynan- 
dropus hylacis (Say), Lebia atriventris (Say), Olisthopus 
parmatus (Say), Platynus (Anchomenus )sinuatus (Dej.), 
Platynus (Anchomenus) parmarginatus Ham, Stenolophus 
ochropezus (Say), Aderocharis corticina (Grav.), Astenus 
linearis Er., Diochus nanus Er., Erchomus laevis (Lec.), 
Lathrobium brevipenne Lec., Mycetoporus splendidus Grav., 
Palaminus sp., Philonthus thoracicus (Grav.) Philonthus 
sp., Rimulincola divalis Sand., Sepedophilus pubescens 
Payk., Staphylinus cinnamop.erus Grav., Iucanus sp., 
Passalus cornutus (F.), Serica sp., Trichiotinus sp., Valgus 
seticollis Beauv., Lucidota corrusca (Linn.), Photinus pyra- 
lis (Linn.), Cantharis bilineatus Say, Podabrus sp., Ept- 
cauta pennsylvanica Degeer, Tricrania sanguinipennis (Say), 
Alobates barbata (Knoch), Diaperis maculata Oliv., Mera- 
cantha contracta (Beauv.), Merinus sp., Tribolium casta- 
neum (Hbst.), Uloma imberbis Lec., Uloma sp., Scraptia 
sp., Arthromacra sp., Neopyrochroa sp., Melandrya sp., 
Penthe obliquata F., Mycetochara sp., Ptilodactyla serricolis 
(Say), Notoxus bicolor (Say), Tomoderus sp., Collops sp., 
Phyllobaenus humeralis (Say), Ampedus melsheimeri Leng., 
Ampedus nigrocollis (Hbst.) Athous sp., Lepidotus sp., 
Ctenicera divaricata (Lec.), Ctenicera sp., Melanotus sp., 
Parallelostethus sp., Attagenus sp., Btyurus sp., Stelidota 
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octomaculata (Say), Catogenus rufus (F.), Laemophloeus 
sp., Telephanus velox Hald., Melanopthalma sp., A phorista 
sp., Anatis 15—punctata (Oliv.), Brachtacantha ursina var. 
stellata Casy., Chilocorus stigma (Say), Cycloneda munda 
(Say), Cycloneda sanguinea (Linn.), Exochomus margini- 
pennis latiusculus (Muls.), Hippodamia convergens (Guer.), 
Coleomegilla maculata (Degeer), Triplax flavicollis Lac., 
Atimia confusa Say, Blepharida rhois (Forst.), Cerotoma 
trifurcata (Forst.), Chaetocnema sp., Diabrotica 12 
punctata (F.), Diabrotica vittata (F.), Disonycha glabrata 
(F.), Disonycha xanthomelas (Dalm), Disonycha sp., Epi- 
trix cucumeris (Harr.), Galerucella notata (F.), Glyptina 
sp., Myochrous denticollis (Say), Myochrous squamosus 
iec., Oedionychis sexamaculata (I1l.), Oedionychis quercata 
(F.), Anthribulus rotundatus Lec., Amblycerus robiniae 
(F.), Anthonomus sp., A pion griseum Smith, A pion rostrum 
Say), Conotrachelus posticatus Boh., Conotrachelus sp., 
Rhynchites aeratus Say, Smicronyx sculpticollis Csy. 

Hymenoptera—Erythras pides carbonaria (Cress), Tax- 
onus rufocinctus (Nort.), A panteles epinotiae Vier., Bracon 
sp., Clinocentrus tarsalis Ashm., Microgaster sp., Cam- 
poplex sp., Ichneumon parvus Cress., Melamichneumon an- 
nulicornis (Ashm.), Pimpla aequalis Prov., Pimplopterus 
sp., Scambus hispae (Harr.), Aclista sp., A phaenogaster 
(Attomyrma) fulva rudis (Em.), Crematogaster lineolata 
subopaca Em., Crematogaster laeviuscula var. clara Mayr, 
Crematogaster lineolata (Say), Leptothorax (Myrafant) 
curvis pinosus curvispinosus Mayr, Ponera coarctata penn- 
sylvanica Buckl., Camponotus herculeanus pennsylvanus var. 
ferrugineus (F.), Myrmica punctiventris punctiventris 
Roger, Tapinoma sessile Say, Monomorium minimum mint- 
mum (Buckl.), Prenolepis imparis (Say), Stenamma brevi- 
cone diecki Em., Augochlora pura (Say), Ceratina metallica 
H.S.Sm., Normada sp., Tetralonia sp. 
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THE GENUS CORDILURA IN AMERICA NORTH OF MEXICO 


MAURICE T. JAMES, State College of Washington, Pullman 


The genus Cordilura, as it occurs in the North 
American fauna, has never been given a thorough 
taxonomic treatment. Descriptions based on 
Nearctic material are isolated and inadequate; 
moreover, several European species occur in our 
region. Consequently, it has been very difficult 
to make satisfactory determinations with the 
previously existing literature. 

The present study was begun in 1943 when the 
author was employed by the Division of Insect 
Identification, Bureau of Entomology and Plant 
Quarantine, Washington, D.C. In the course of 
its preparation, the types located in North 
American museums and in the British Museum 
(Natural History) have been examined either by 
the author or by Mr. J. R. Vockeroth. Aside 
from type material the collections of the United 
States National Museum, the State College of 
Washington, and the personal collection of Dr. 
Fred Snyder have served as the principal bases 
for this study, although many other collections, 
particularly those of the American Museum of 
Natural History, the Museum of Comparative 
Zoology, the Academy of Natural Sciences of 
Philadelphia, the University of Kansas, and 
college, university and museum collections of the 
Rocky Mountain and Pacific Coast states, have 
lent materially to this study. 

The author is greatly indebted to Mr. J. R. 
Vockeroth for information, particularly concern- 
ing types in the Canadian National Collection 
and the British Museum (Natural History), as 
well as for the use of manuscript notes; also to 
Mr. C. W. Sabrosky for his generous loan of 
material, for data, and for critically reading large 
sections of this manuscript. The author, how- 
ever, takes full responsibility for final decisions 
and for any errors that may result from such. 


MORPHOLOGICAL BASIS OF CLASSIFICATION 


Since other information is scant or lacking, 
morphology furnishes the only reliable set of 
characters for classification in this genus. The 
most important of these characters are the head 
and body proportions, head slant, antennal 
structure, chaetotaxy, and genitalia, both male 
and female. 

In one section of the Cordilurinae beginning 
with the Cordilura picticornis group, running 
through Paratidia, and reaching its extreme 
condition in Acicephala and Pseudacicephala, 
there is a tendency toward the development of 
a receding head. In order to measure the head 
slant with a certain degree of accuracy, I am 
using the faciooral angle, that is, the angle 
formed by an extension of the line drawn along 


the face from the antennal insertion to the 
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vibrissa and that drawn along the oral margin. 
In some species there is an upward swing of this 
latter line as it approaches the vibrissa, but for 
purposes of determining the faciooral angle, this 
is disregarded. 

In some species, particularly in the males, 
the abdomen becomes elongated. An attempt to 
indicate the degree of elongation is made by 
giving the relative length and width of the 
intermediate, that is, the apparent second and 
third (actual third and fourth), segments, as the 
sides of the abdomen are normally reflexed in 
pinned specimens. This criterion, admittedly, is 
subject to variation due to the accident of drying, 
but it is a little more objective than merely to 
contrast “elongated” with ‘“‘non-elongated”’. The 
term “‘normally’’ is used here, as elsewhere in 
this paper, to indicate the condition present, or 
at least that which seems to be present, in the 
majority of specimens of the species. 

Chaetotactic characters have to be used with 
considerable caution. The presence of the stig- 
matal bristle, commonly used as a_ generic 
character, is somewhat variable; it is absent 
normally in variabilis and occasionally in several 
other species. In some instances, certain bristles, 
for example the prothoracic and the presutural 
dorsocentrals, may be duplicated. Normally, the 
comparative length and strength of the apical 
and lateral scutellars seems to be very reliable, 
as does the presence of one preapical bristle (the 
posterior) behind on the middle femur in certain 
species and two (posterior and posterodorsal) in 
others. 

The genitalia, both male and female, form a 
fairly well-marked pattern in each of the four 
subgenera recognized here. In the male the 
outer forceps (surstyle) in subgenus Cordilura 
(figs. 1-12) are relatively short and robust, non- 
petiolate or but feebly so (cf. figs. 10, 3), and 
with a tendency in some species to develop an 
apical concavity or cleft (cf. in order figs. 8, 5, 12, 
6, and 4). In subgenus Cordilurina the forceps 
are petiolate and, in two of the three species 
(figs. 13, 14) cleaver-shaped with an apical 
extension; Paratidia has a similar type, but 
usually with the cleaver shape more strongly 
developed (figs. 17-19). Snyderia has a charac- 
teristic type, an extremely elongated but not 
petiolated forceps (fig. 16). 

The female genitalia, with one exception, 
show more conformity to type than the male. 
The eighth sternite, as is characteristic of muscoid 
flies, is divided into two sclerotized plates which 
are connected with each other and with the tergal 
plates by conjunctivae. In subgenus Cordilura 
these are of moderate size or large, broadened 
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toward the apex, and broadly rounded apically 
(figs. 21, 22). In Cordilurina two types occur: 
the fairly large sclerite, with its acute, hooked 
apex, characteristic of the vittipes group (fig. 23) 
and the aberrant, slender, elongated type, with 
a narrowly rounded apex, found in the gagatina 
group (fig. 24). In Paratidia this sclerite is 
robust, almost parallel-sided, and ending in an 
acutely though bluntly angular apex (fig. 26); in 
Snyderia (fig. 25) it is small and short, feebly 
sclerotized, and broadly rounded apically. 


BIOLOGY 


The immature stages and larval ecology are 
unreported in the literature. C. O. Berg sub- 
mitted to me for identification specimens of 
C. pubera alberta from the Matanuska and 
Lower Yukon valley, Alaska, where the puparia 
were found floating in some abundance on ponds 
and small lakes. Adults occur most commonly 
in hydrophytic or wet mesophytic vegetation 
near water, and it is reasonable to suspect that 
the larvae breed in aquatic, semiaquatic, or moist 
mesophytic vegetation. The form of the apical 
sternites of the female in Paratidia and Cordilurina 
suggest oviposition within plant tissues and 
probably a leaf- or stem-mining habit, such as 
has been described for Hexamitocera tricincta 
(Loew) in the United States and in species of 
Chylizosoma in Europe. 


NOMENCLATURE AND CLASSIFICATION 


Unfortunately, the adoption of the name 
Cordilura must remain tentative until the Inter- 
national Committee on Nomenclature has ruled 
on its status. Mr. Vockeroth has examined the 
type of Musca pubera Linnaeus and says that is 
a sepsid. The implications of this fact are 
serious; it could result in the changing of two 
family names. The situation can be saved 
however by declaring Musca pubera of Authors, 
non Linnaeus, as the type of the genus. 

The limits of the genus Cordilura, as here 
treated, are, I feel too broad; Cordilurina, 
Snyderia, and Paratidia should probably be 
considered genera rather than subgenera. Since 
Mr. Vockeroth is at present making a critical 
study of the genera of this family from a world- 
wide standpoint, I prefer to leave the final 
decision to him. All the European species which 
I have seen, namely, aberrans Becker, atrata 
Zetterstedt, ciliata Meigen, picipes Meigen 
(=biseta Loew), proboscidea Zetterstedt, pubera 
Auctt. (non L.), pudica Meigen, rufimana Meigen, 
and umbrosa Loew, are typical Cordilura. 

Séguy (Genera Insectorum, fasc. 209) lists 
eighteen species of ‘“‘Cordylura’’, other than those 
which I have treated in this paper, as occurring 
in North America. One of these, C. criddlei 
Curran, I have not been able to determine from 
the description! another, the Mexican C. brevi- 
cornis, van der Wulp, is, according to Mr. 
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Vockeroth, a relative of vittipes Loew. The 
other sixteen are certainly not Cordilura, even in 
the broader sense used in this paper. Of the 
Loew species, C. glabra, C. gracilipes, and C. 
scapularis are Parallelomma; C. tricincta is a 
Hexamitocera; C. cornuta and C. gilvipes are 
Orthachaeta; and C. nana is a Cordylurella. 
C. vicina van der Wulp, from the description, can 
not be a Cordilura. According to Aldrich, 
C. volucricaput Walker is a Microprosopa and 
C. bicolor Walker is headless and unrecognizable. 
Mr. Vockeroth says, of the other Walker species, 
that the type of C. aea is lost; that C. cupricrus 
and C. imperator are anthomyiines, C. flavipennis 
and C. lenuior are coenosiines, and that C. longa 
is a Cosmetopus. 


Genus Cordilura Fallén 


Cordilura Fallén, 1810, Specim. ent. nov. Dipt., p. 15. 
Type, Musca pubera Linnaeus, monotype. 

Cordylura Meigen, 1826. Syst. Beschr. Zdweifl. Ins., 5, 
p. 229 (emendation). Sack, 1937, im Lindner, Die 
Fliegen der Palaearktischen Region 62a, Cordyluridae, 
pp. 16-23. Séguy, Genera Insectorum, fasc. 209, pp. 
33-38. 

Mosina Robineau-Desvoidy, 1830, Essaisur les Myodaires, 
p. 670. Type, Musca pubera Linnaeus, by designation 
of Westwood, 1839. 


Head subspherical to pyramidal, the face 
slightly to strongly receding; the frontal profile 
somewhat convex, the facial profile straight or 
slightly concave, the oral profile straight, some- 


times bowed upward anteriorly, either abruptly 
or gradually, below the vibrissal angle; front 
about one-third head width, slightly wider in 
the female than in the male, usually narrowed 
(quite perceptibly in subgenus Cordilura) at or 
below the plane of the antennal insertion; 
chaetotaxy of head strong; two or more pairs of 
frontals, one proclinate and one or two reclinate 
frontoorbitals; vibrissa strong, usually a smaller 
though outstanding bristle (inferior vibrissa) in 
the series below it; inner verticals very strong, at 
least as strong as the vibrissa. Proboscis fleshy, 
with a strongly sclerotized, deeply convex plate 
below. Palpus spatulate, with a long outstanding 
bristle apically. Second antennal segment ex- 
tending cap-like over the hbase of the third 
dorsally and with an outstanding bristle above; 
third relatively short (two to three times as 
long as wide); basal segment and base of second 
segment of arista thickened, the arista otherwise 
thin, usually long-plumose, sometimes long- 
pubescent or short-plumose. 

Thoracic chaetotaxy well developed but tending 
to become weak in Cordilurina; two anterior 
and three (rarely two) posterior dorsocentrals; 
acrosticals absent to weak-bristle like; one 
sternopleural; one propleural and usually one 


‘After this paper was in press, I received word from 
Mr. Vockeroth that he had examined the type of C. 
criddlei and that he considered it a synonym of C. 
masconina. 
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stigmatal; two pairs of scutellars, the apical pair 
sometimes weak or, rarely, absent. Pteropleura 
bare. Femora and tibiae with well developed 
bristles. Wing of moderate length; veins Raj; 
and Mi,: somewhat curved but running almost 
parallel to each other, not strongly diverging. 
Se often with fine setulae apically. 

Abdomen elongated in the male, more robust 
in the female; processes of fifth sternite of male 
prominent. 

KEY TO THE NEARCTIC CORDILURA 

Apical scutellars strong, almost or fully as long as 
the lateral scutellars.... 

Apical scutellars no more than two thirds as long 
as the lateral scutellars, sometimes very weak or 
completely absent 

Palpi bright yellow to white, not at all infuscated.. 3 

Palpi black to blackish, at least distinctly in- 


‘ 


width of facial at the same point; face in lateral 
profile strongly receding, forming an angle of 
about 135° with the oral margin; scutellum usu- 12. 
ally with a pair of stronger setulae, simulating 
small bristles, in the position of basal lateral 
scutellars and another in the position of pre- 


Parafacial narrow, at its narrowest little or no 
wider than the facial at the same point; face 
not nearly so strongly receding, the angle formed 
with the front about 105°; scutellum often with 
tufts of ordinary setulae at basal lateral corners 
but without outstanding bristle-like setulae 
there or preapically on the disc 6 

First and second antennal segments wholly yellow 
or practically so; parafacial, at its narrowest, 
usually three or more times width of facial at 
the same point 

Antenna black, the upper cap-like portion of the 
second antennal segment yellow, in distinct con- 
trast; parafacial, at its narrowest, usually about 
twice width of facial; acrosticals bristle-like. 


mesonotal setae; second reclinate frontoorbital 
strong, more than half the length of the first; an 
irregular row of setae running obliquely from a 
point in front of the first dorsocentral through 
the anterior intraalar to the presutural; base of 
third antennal segment yellow picticornis 
Acrosticals no stronger than the ordinary mesonotal 
setae; second reclinate frontoorbital weak, less 
than half the length of the first, often lacking; 
no oblique row of setae as above described, or it 
is poorly defined; third antennal segment usually 
entirely black 
6. Antenna wholly black, at most a little reddish yel- 
low dorsally on the second segment; coxae and 
femora black; each segment of front tarsus with 
a small black or discolored spot below; slender 
confusa 
First and second antennal segments yellow; legs 
yellow, at most the front femur with a shining 
black dorsal vitta; tarsal segments without small 
black spots below; somewhat more _ robust, 
though still slender, species.......... angustifrons 
Arista pubescent, the hairs no longer than the 
width of its thickened basal part; third antennal 
segment about twice as long as wide, intlated 
below, especially in the male, keeled dorsally, 
and angulate apicodorsally; presutural dorso- 
centrals sometimes apparently three or more as 
a result of development of bristlelike setulae in 
the dorsocentral rows. proboscidea 
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Arista plumose, the hairs distinctly longer than 
the width of its thickened basal part and usually 
some of them as long as the width of the third 
antennal segment; third antennal segment not 
strongly inflated below and not angulate api- 
codorsally (except in pubera alberta, in which the 
segment is more elongated) 8 

Middle and hind legs with femora, tibiae and upper 
sides of tarsi black.... 

All tibiae yellow 

Tibiae and upper surface of tarsi black on all legs. .10 

Fore tibia and tarsus reddish yellow 

Epistoma and clypeus beneath the white pollen, 
usually black; infumation of wings very light, 
hardly noticeable; presutural acrosticals long, 
the longest about two-thirds the length of the 
first dorsocentral passiva 

Epistoma and clypeus yellow; infumation of wings 
light, but distinctly noticeable; presutural 
acrosticals no longer than half length of the first 
dorsocentral 

Longest presutural acrosticals, in the male, about 
half as long as the first dorsocentral. . varicornis 

Presutural acrosticals, in both sexes, at most one- 
third length of first dorsocentral atrata 

Third antennal segment about twice as long as 
wide, the upper apical angle not produced; 
arista thickened on less than basal third, its 
longest hairs at least as long as width of third 
antennal segment; bristle of second antennal 
segment at least as long as the third antennal 
segment; hind femur of male with a tew slender 
long black bristles and short, sparse, dark 
hairs beneath on the whole length; hind femur of 
female beneath with long, slender, black bristles 


Third antennal segment about two and a half times 
as long as wide, the upper apical angle produced 
and acute; arista greatly thickened on basal 
third, its hairs shorter than width of third an- 
tennal segment; bristle of second antennal seg- 
ment at most half as long as third antennal 
segment; hind femur of male with abundant 
long pale hairs beneath, the slender black 
bristles confined to the apical fourth; hind femur 
of female with long, fine, black bristles and fine 
pale hairs, the longest hairs as long as the femoral 
diameter pudica alberta 

Epistoma slightly broader than the clypeus; para- 
facial a little broader than facial; palpi brownish 
yellow to brownish black; posthumeral bristle 
usually distinctly differentiated from surround- 
ing setae; hind tibia of male fringed ventrally 
with irregularly arranged, erect hairs which are 
longer than the diameter of the tibia...ciliatipes 

Epistoma slightly narrower than adjacent area of 
clypeus; parafacial hardly broader than facial; 
palpi brownish black to black; posthumeral 
bristle rarely differentiated from the surround- 
ing setae; hind tibia, in both sexes, with no 
more than four or five longer erect hairs. . latifrons 

Face strongly receding, the faciooral angle about 
150° 

Face at most moderately receding, the faciooral 
angle usually 120° or less (about 135° in C. adro- 
NED sess din as 5 

Apical scutellars about half to two-thirds as long 
as lateral scutellars; front femur and bases of 
middle and hind pair black, the femora and 
tibiae otherwise reddish yellow or orange; lower 
parts of occipital orbits swollen and shining... . 

intermedia 

Apical scutellars not more than one-fourth as long 
as lateral scutellars; all femora chiefly black, 
the tibiae not reddish-yellow or orange 

Mesonotum, occiput, and occipital orbits densely 
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pollinose; tibiae yellow; wings uniformly pale 
yellowish masconina’ 
Mesonotum, occiput, and occipital orbits shining, 
black; hind tibia black; wing gray, the veins 
distinctly margined with blackish atripennis 
Apical scutellars at least half as long as the lateral 
scutellars; black areas of body practically all 
covered with whitish pollen, subshining under 
the pollen ontario 
Apical scutellars usually less than one-fourth length 
of lateral scutellars (rarely otherwise, in vart- 
abilis) 
Thorax mainly or wholly yellow in ground color. . .19 
Thorax wholly black in ground color ee). 
Wing distinctly infuscated at cross-vein and at 
BE hc 5 ers Seem She MRL do oy ae 20 
Wing without infuscation; third antennal segment 
distinctly infuscated on apical half; acrostical 
hairs distinct; legs entirely yellow or almost so; 
abdomen variable in color, commonly either en- 
tirely yellow, or yellow to orange with the terga 
bordered posteriorly with black, or entirely 
black vittipes 
Inferior vibrissa weak, about a third as long as the 
vibrissa; acrostical hairs lacking; ovipositor with 
terminal ventral plate rounded and not strongly 
sclerotized; outer forceps of male exceptionally 
long (Fig. 16); legs unicolorous. . . praeusta 
Inferior vibrissa half or more length of vibrissa; 
acrostical hairs present; ovipositor with terminal 
ventral plate pointed at apex; outer forceps of 
male elongated, but not exceptionally so (Fig. 
14). Color highly variable: third antennal seg- 
ment varying from wholly yellow to wholly 
black; abdominal terga either vellow or orange, 
margined posteriorly with black, often entirely 
black; legs entirely yellow or more or less 
blackened, the femora and tibiae usually dis- 
tinctly marked with black luteola 
Femora yellow, at most with a dorsal or postero- 
dorsal black stripe 
Femora black, at least the middle and hind pairs 
largely black or, in undercolored specimens 
(some albicoxa) blackened 
Two anterior and two posterior dorsocentrals, all 
strong; middle femur with two preapical bristles 
behind (one posterior, one posterodorsal), and 
with one strong anteroventral on the apical 
third; abdomen shining, but scantly pollinose; 
mesonotum also from posterior view mostly 
shining through its thin pollen; bristles on sides 
of second abdominal segment continuing toward 
medial line in a series of strong, erect setae of 
gradually decreasing length, the series from each 
side almost meeting in the middle; femora never 
setosa 
Two anterior and three posterior dorsocentrals, the 
first of each series much weaker than the others; 
middle femur with only one preapical (posterior) 
behind; abdomen and mesonotum distinctly 
pollinose; femora often vittate vittipes 
Acrostical hairs and bristles absent; palpi black or 
brown; Eastern species 
Acrostical hairs ae sometimes few and scat- 
tered; if abse nt the wings are ens in- 


ye vbacmitreai slightly but distinc tly cinerous polli- 
nose, contrasting but little with the pleura; 
stigmatal normally absent; erect pile of basal 
abdominal terga mostly pale; femora of male 
with abundant pale hairs ventrally variabilis 


Cc. idréeans may run here; the face is not so strongly 
oblique, the mesonotum more shining, the acrosticals 
more scattered, the facials narrower, and the male 
genitalia different. 
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Mesonotum shining, in sharp contrast with the 
pleura; stigmatal normally present; erect pile of 
basal abdominal terga black, rather stiff; femora 
of male with scant pale hairs ventrally. 

Presutural bristle absent; mesonotum very glossy; 
third antennal segment mostly black; palpi 
black; apical scutellars indistinguishable; hind 
femur of male with at least one distinct anter- 
oventral on the apical half; middle femur of 
female with a distinct anteroventral on the 
apical half one gagatina 

Presutural bristle prese nt, strong; mesonotum sub- 
shining; third antennal segment yellowish; palpi 
brown; apical scutellars very small but distinct, 
about twice as long as the surrounding hairs; 
hind femur of male without anteroventrals on 
the apical half; middle femur of female without 
anteroventrals on the apical half (terminalis 
eM Shes age .....Carbonaria 


Acrostical hairs numerous; front coxa pale yellow 
or white, contrasting sharply with the black 
femur; wings but lightly infumated; process of 
fifth sternum of male almost parallel-sided on 
basal half or more, its apex broadly rounded. 

seed albicoxa 

Ac rostical hairs scant, scattered, rarely absent; 
front coxa black; wings distinctly infumated; 
process of fifth sternum of male gradually taper- 
ing to a narrowly rounded apex. adrogans 


Subgenus Cordilura, sensu stricto 

This is a fairly compact group. The faciooral 
region is somewhat narrowed at or below the 
plane of the antennal insertion. The chaetotaxy 
is strong; the dorsocentrals are long and strong, 
with two presutural and (except in setosa) three 
postsutural pairs; the apical scutellars are 
usually as long and strong as the laterals (except 
in ontario and setosa). The last sternite of the 
female is relatively large and broadly rounded 
apically; the male genitalia tend to follow a 
general pattern, as has been pointed out earlier 
in this paper. The groups into which this 
subgenus is divided can usually be characterized 
with more or less precision, though their 
distinctness can sometimes be ‘‘felt’’, rather than 
defined. 


The Cordilura picticornis Group 


The species of this group form a complex of 
closely related forms. The chaetotaxy is strong: 
there are one proclinate and two reclinate fronto- 
orbitals (sometimes only one in loewt), usually 
three or four, rarely five, cruciate frontals, five 
strong dorsocentrals,  bristle-like acrosticals 
(except in loewi), strong propleurals and _ stig- 
matals, and strong, subequal, apical and lateral 
scutellars. The middle femur has two preapicals 
behind (one posterior, one posterodorsal); the 
scutellum has a pair of bristle-like setae laterally 
at the base and another pair preapically, in most 
specimens, in addition to the regular bristles. 
The head recedes strongly, the angle formed 
between the facial and oral profiles being almost 
135°; the parafacials are broad; the lower part 
of the clypeus is almost parallel-sided but slightly 
contracted below, being a little narrower at the 
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vibrissae than just above them. The antennae 
are small. The genitalia follow a similar pattern 
throughout (figs. 1, 21); the last sternite of the 
female is broadly rounded. 

Coloration is extremely variable within this 
group, most particularly in C. picticornis. 


Cordilura loewi, new name 
Cordylura flavipes Loew, 1863, Berliner Ent. Zeit., 7: 25 

(Centuria III, No. 46); non Fallén, 1819, Dipt. Suec., 

Scatomyz., p. 9. 

This is a somewhat more slender species than 
the other members of the group. The chaetotaxy, 
though strongly developed, is weaker, and the 
mesonotal setae are less abundant. The best 
distinguishing characters are those given in the 
key. 

There is some color variation involving the 
legs, particularly the femora. The legs are 
usually wholly yellow, but an extreme specimen, 
so far as the material I have examined is con- 
cerned, has a posterodorsal vitta on the front 
femur and a broad median area, almost encircling 
the hind femur, blackish. The male genitalia 
and processes of the fifth sternum, also the sixth 
segment of the female abdomen, are uniformly 
yellow in the material examined. 

Apparently a rare species. I have examined 
the following specimens; NoRTH DAKOTA: 
Manden, June 16, 1918 (Aldrich), 19, United 
States National Museum. SoutH DAKOTA: 
Brookings, June 2, 1918 (Aldrich), 5c’, 29; no 
locality, (Aldrich), 2c’, 292; United States 
National Museum. WISCONSIN: no data (type 
of flavipes Loew); Milwaukee, May 25, 140, 
United States National Museum. MINNESOTA: 
no data, 6 2, 2c"; Snyder Collection. MICHIGAN: 
Midland Co., May 15, 1938, May 29, 1937, 
June 4, 1939 (Dreisbach), 1%, 39; Snyder 
Collection. Washtenaw Co., June 1, 1939 
(Eugene Kenaga), 19; Univ. of Kansas. 
ILLinots: Chicago River, Bowmanville, Chicago, 
June 8, 1912, 29 ; Savanna, June 14, 1917, 1d; 
Sangamon River, Mahomet, May 18, 1913; 
United States National Museum. INDIANA: 
Lafayette, May 21, 1917, 1c’, and May 14, 1918 
(Aldrich), 12, United States National Museum. 


Cordilura picticornis Loew 
Cordylura picticornis Loew, 1864, Wiener Ent. Monatsch., 

8:22. Type, 9, from Sibera. 

Cordylura pictipennis Loew, Osten Sacken, 1878, Cat. 

Descr. Dipt. N. Amer., p. 171 (lapsus). 

In coloration, this is the most variable North 
American species of Cordilura. In the material 
which I have examined the palpi are yellow and 
the first, second, and basal part of the third 
antennal segment are yellowish to reddish yellow, 
but these seem to be the only color characters 
that are diagnostic, so far as members of the 
group are concerned. The legs may have the 
coxae and femora wholly black except apically, or 
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only the coxae and front femora black, or they 
may be wholly reddish yellow; the thorax may 
vary from wholly black to wholly reddish yellow; 
the abdomen may vary from wholly black to 
wholly reddish yellow except a longitudinal mid- 
dorsal vitta. The whole range of color may be 
observed in a single series (e.g., the one from 
Banff). The bristles of the front coxae are 
usually wholly black in the female (even in the 
pale form), pale and finer in the male; I have not 
noticed any variation in this respect in this 
species, and the same observation is true of 
C. loewi and C. viereckt. 

This species was described from Siberia and 
subsequently recorded by Osten Sacken from 
North America. I have records from ALASKA: 
Healy; Metlakahtla; Anchorage; Savanoski, 
Naknek Lake; Matanuska Valley; Lower Yukon 
River. YUKON ‘TERRITORY: Alcan Highway, 
MP. 1221.5. Hupson Bay TERRITORY: no data, 
Kennicott Collection. ALBERTA: Banff; Waba- 
mun. SASKATCHEWAN: Prince Albert. MANITOBA: 
Churchill River, 20 mi. south of Churchill; 
Churchill. MicuiGAN: East Lansing; Monroe. 
ONTARIO: Moose Factory. QUEBEC: Ft. Chima. 
LABRADOR: Goose Bay. Mid June to mid 
August; as early as late May in the southern part 
of its range. 


Cordilura vierecki Cresson 
Cordilura viereckt Cresson, 1918, Ent. News, 29: 134. 
Type, 9, Beulah, N. M.; in the Academy of Natural 

Sciences, Philadelphia. 

This species is very close to C. picticornis, from 
which it may best be distinguished by the key 
characters. The two have largely different 
ranges, but overlap broadly from Alberta to 
Alaska. 

There are two color phases involving the legs, 
as in C. latifrons. More commonly, all femora are 
chiefly black, but occasionally (including the 
holotype but not the two paratypes) only the 
front femur is black. In at least three series 
that I have seen (the type series and those from 
Wells, Nevada and Marshall Pass, Colorado) 
females of both color phases, otherwise identical 
and bearing identical data, occur. All males 
which I have seen have black femora. One 
female, Beaver Creek, Newport, Oregon, Aug. 13, 
1902 (Aldrich), United States National Museum, 
has all femora yellow except a basal posterodorsal 
spot on the front femur. 

A fairly common species from the Rocky 
Mountains westward to California and Alaska. 
I have examined about seventy-five specimens 
from the following localities. ALASKA: Ft. 
Wrangel; Metlakahtla; Valdez; Savonoski; 
Douglas Island; Eagle River. ALBERTA: Banff. 
WASHINGTON: Hoquiam; Puyallup; Aberdeen; 
Mt. Constitution; Ilwaco. OREGON: Summit 
Prairie, Grant Co.; Newport. CALIFORNIA: Santa 
Monica; Seven Oaks, San Bernardino Co.; 
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Fics. 1-14. Outer male forceps (surstyli) of Cordilura. 1, C. vierecki, Tennessee Pass, Colorado, slightly dorsad 
of lateral. 2, C. angustipennis, St. Placide, Quebec, dorsal. 3, same, lateral. 4, C. confusa,Buffalo, New 
York, lateral. 5, C. latifrons, Norman Co., Minnesota, lateral. 6, C. ontario, Lake City, Colorado, 
lateral. 7, C. ciliatipes, Harmony, California (paratype), lateral. 8, C. proboscidea, Churchill, Manitoba, lateral. 
9, C. rufimana, Abisko, Sweden, lateral. 10, C. atrata, Neskowin, Oregon, lateral. 11, C. alberta, Lower Yukon 
River, Alaska, lateral. 12, C. variabilis, East Lansing, Michigan, dorsolateral. 13, C. vittipes, Ilwaco, Washing- 
ton, dorsal. 14, C. luteola, Klamath River, California, dorsal and (inset) ventral view-of tip, showing massed 
setulae at the apex. CE, cercus. 
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Quincy, Plumas Co.; Elkhorn Ferry, Yolo Co. 
NEVADA: Wells. UtTan: Gooseberry Lake, Clear 
Creek Canyon. CoLoRADO: Grand Mesa; Green 
Lake; Skyway; Longs Peak Inn; Pingree Park, 
Larimer Co.; Tennessee Pass; Florissant ; Marshall 
Pass; Gould; Phantom Valley, Rocky Mountain 
National Park; Geneva Park, Grant: South Fork 
of the Rio Grande. NEW Mexico: Top of Las 
Vegas Range, Beulah. Late June to mid August 
at higher elevations; late April to mid July along 
the coast. 


The Cordilura confusa Group 


This is the typical group of Cordilura, since 
C. confusa is very closely related to, possibly only 
a subspecies of, what has been considered the 
type of the genus. In view of the unsettled 
nomenclatorial situation regarding the type 
species, however, I refrain from using any name 
based on the European species until the time 
that a descision can be reached on that matter. 

Tentatively, two species are being placed here, 
although the two differ greatly from each other 
in respect to the male genitalia. The chaetotaxy 
is strong: there are one proclinate and two 
reclinate frontoorbitals, the hind pair of the 
latter being the weaker; there are five well- 
developed dorsocentrals; acrostical hairs are 
present and vary from weak to moderate in their 
development; the apical and lateral scutellars are 
about equally developed, both pairs strong; the 
middle femur has two preapicals behind (one 
posterior, one posterodorsal). The head is but 
slightly receding, the parafacials narrow, the 
vibrissae widely separated. The front is narrowed 
greatly at the plane of the antennal insertion; 
in the male it is at this point about one-fourth 
the head width; in the female it is a little wider, 
about 0.3 the head width. The body is elongated; 
the intermediate abdominal segments of the 
male, when the tergal margins are curved under 
to the extent that is normal in dried specimens, 
are distinctly longer than wide. The terminal 
ventral plate of the female abdomen is broadly 
rounded. 

I have not observed any significant amount of 
color variation in the species referred to this 
group. 


Cordilura angustifrons Loew 
Cordylura angustifrons Loew, 1863, Berliner Ent. Zeit., 7: 

24 (Centuria III, No. 45). Type, o’, Wisconsin; Mu- 

seum of Comparative Zoology. 

Cordilura angustifrons Loew. Johnson, 1925, Occ. Papers 

Boston Soc. Nat. Hist., 7 (15): 239. 

A black species, with the lower part of the 
frons reddish yellow, the squamae whitish, and 
the following areas yellow: face, first and second 
antennal segments, legs except middle and hind 
coxae and a posterodorsal vitta on the front 
femur, wings, halteres, the sixth and following 
abdominal segments of the female, and the 
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genital claspers, genital segments, and genitalia 
of the male. Posterior reclinate frontoorbital 
very weak; two cruciate frontals. Propleural 
and stigmatal bristles weak and yellow in the 
male, rather strong and black in the female. 
Wings distinctly yellowish. Genitalia as in 
figs. 2 and 3. 

Apparently a rare species. Johnson has 
recorded this species, probably correctly, from 
MAINE and MAssAcHUsETTs. I have seen the 
following material: St. Placide, QUEBEC, June 27, 
1931, 2o¢°, 12; Aylmer, QUEBEC, June 3, 1924 
(Curran), 1c’, all in the American Museum of 
Natural History; and E. S. George Reserve, 
Livingston Co., MICHIGAN, June 4, 1950 (George 
Steyskal), 19, United States National Museum: 
Copper Harbor, Micu1GAn, May 25, 1940 (C. W. 
Sabrosky), 19, Sabrosky Collection. Mr. 
Vockeroth has sent me records of specimens from 
McDiarmid, ONTARIO, north of Fort William, and 
Oramocta, NEw BRUNSWICK (Canadian National 
Museum). 


Cordilura confusa Loew 
Cordylura confusa Loew, 1863, Berliner Ent. Zeit., 7:23 

(Centuria III, No.43.) Types, 9, o, Fort Resolution, 

Hudson Bay Territory; Museum of Comparative Zool- 

ogy. 
cetera pubera (Linnaeus). Walker, partim, 1849, List 

of. . . Dipterous Insects in the. . . British Museum, 
pt. IV, p. 972. Nec pubera Linn.; nec pubera Auctt. 
? Cordilura latifrons Loew. Leonard, 1928, Cornell Univ. 

Agr. Exp. Sta. Mem.101, p. 841. Nec latifrons Loew. 
? Cordylura' latifroms Loew. Séguy, 1952, Genera In- 

sectorum, fasc. 209, p. 35. Nec latifrons Loew. 

A black species with the lower part of the 
front reddish yellow, the squamae whitish, and 
the face, palpi, tibiae, tarsi, wing veins, halteres, 
and genital claspers yellow. Fore tarsus with 
rounded, blackish areas ventrally on tarsomeres 
2 to 5 inclusively. Posterior reclinate fronto- 
orbital more than half, usually two-thirds to 
three-fourths, as long as anterior reclinate fronto- 
orbital, and strong in proportion to its length; 
three cruciate frontals. Propleural and stigmatal 
bristles strong in both sexes. Wings distinctly 
yellowish. Genitalia of male with outer forceps 
as in fig. 4. 

A female from Beulah, Michigan, June 15, 
1943 (C. Sabrosky), Sabrosky Collection, lacks 
stigmatal bristles on both sides and has the 
posterior reclinate frontoorbital very feeble; 
otherwise, it seems normal for the species. I 
have noticed no other significant variation in the 
series examined. 

This is a common species from Alaska through 
the prairie provinces of Canada and the Great 
Lakes region to Hudson Bay and the Atlantic 
Coast of Canada. Dates of capture range from 
May 13 to July 9, with later dates in some of the 
more northern areas, as indicated below. It is 
impossible to determine, without reexamination 
of the material which he had, whether Leonard’s 
records refer to confusa or latifrons, but the 
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Fics. 15-20. Outer forceps (surstyli) of male Cordilura. 15, C. albicoxa, Tuolumne Meadows, California 
(paratype), dorsolateral. 16, C. praeusta, East Aurora, New York, lateral. 17, C. masconina, San Francisco, Cali 
fornia, dorsal. 18, C. adrogans, Colfax, California, dorsolateral. 19, C. intermedia, Sardine Creek, California, 
dorsal. 20, C. atripennis, Woodland, Utah (paratype), dorsolateral. CE, cercus. 

Fics. 21-26, female genitalia, lateral view. 21, C. picticornis, Lower Yukon River, Alaska. 22, C. varia- 


bilis, Kinderhook, Branch Co., Michigan. 23, C. vitttpes, Harvard, Idaho. 24, C. gagatina, Waubamic, Ontario. 


25, C. praeusta, Springville, New York. 26, C. adrogans, Mt. Hood, Oregon. 
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seasonal distribution (May to September) suggests 
either the latter or a mixture of the two. 

I have records of over a hundred specimens of 
both sexes from the following localities. ALASKA: 
Lower Yukon River; Matanuska; Anchorage. 
ALBERTA: Edmonton; Vermilion; Wabamun; 
Clymont; Fawcett; Gull Lake. Hupson Bay 
TERRITORY: (no data). MANITOBA: Victoria 
Beach; Churchill River, 20 mi. S. of Churchill, 
Aug. 5-*, 1937 (D. C. Denning), Snyder Coll. 
MINNESOTA: St. Anthony Park. WISCONSIN: 
Door Co.; Beaver Dam; Madison; Dane Co.; 
Wingra Lake. MICHIGAN: Battle Creek; Beluah; 
Livingston Co. ONTARIO: Toronto; Fort Erie; 
Moose Factory. NEW York: Buffalo; McLean; 
Ontario Beach. NEWFOUNDLAND: Little River, 
Aug. 18, 1908 (Johnson); Grant Lake, Aug. 1, 
1906 (Johnson); both Museum of Comparative 
Zoology. NEW Mexico: Lake Burford. 


The Cordilura latifrons Group 


This group shows close relationships to the 
confusa group; the distinction is one that can not 
be very easily defined. The chaetotaxy is 
strong: there are one proclinate and two reclinate 
frontoorbitals, the hind pair of the latter being 
the weaker; there are five well-developed dorso- 
centrals; the acrosticals are setiform or hair-like, 
sometimes absent or reduced to one to three 
pairs or to several unpaired setulae; the apical 
and lateral scutellars are strong, the latter at 
least half as long as the former; the propleural 
and stigmatal® bristles are strong; the middle 
femur has two preapicals behind (one posterior, 
one posterodorsal). The head is but slightly 
receding, the parafacials narrow, the vibrissae 
widely separated. The front in the male is 
0.3 the head width or wider; in the female, it is 
somewhat wider. The body is robust, the 
abdominal terga, even when their sides are 
recurved, being clearly broader than long in both 
sexes. The terminal ventral plate of the female 
is broadly rounded. The male genitalia, though 
showing considerable variation in detail, are of 
the same general pattern throughout the group. 

Coloration seems to be relatively stable, except 
that in C. latifrons there are two distinct phases 
of leg coloration in the females. 

Eight species are referred to this group. Six 
of these form a quite homogenous complex; the 
others, C. ontario Curran and C. proboscidea 
Zetterstedt, are more distantly removed, but 
their closest relationships seem to be with the 
more typical members of the group. 


Cordilura latifrons Loew 
Cordylura latifrons Loew, 1869, Berliner Ent. Zeit., 13: 181 
(Centuria IX, No. 92). Type, 9, ‘‘Middle States’’; 
in the Museum of Comparative Zoology. Non Séguy, 
1952, Genera Insectorum, fasc. 209, p. 35. 
Cordylura inversa Curran, 1929, Canad. Ent., 61: 131 (new 
synonymy). 


In this species the front is, as the name 
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indicates, exceptionally broad, that of the male 
being at its narrowest about one-third the head 
width, that of the female proportionately broader. 

More color variation occurs in this species than 
in other members of the group. The type has 
the front femur mainly black, the middle and 
hind femora yellow, and the face yellow. All 
males that I have examined have all the femora 
black; the females may have all femora black, or 
the middle and hind femora may be yellow, the 
latter being relatively uncommon. The series 
from Martha’s Vinyard, Mass., shows intergrades, 
the middle and hind femora being half or less 
black or blackish. In some specimens of the 
same series the face is more or less blackish; this 
is limited to the female sex, but is not correlated 
with the intensity or extent of the blackness of 
the femora. Male outer forceps as in fig. 5. 

C. inversa type (9, Oliver, B. C.) is colored like 
the type of /atifrons and must become absolutely 
synonymous. 

This is a common and widespread species 
occurring from Alaska throughout much of 
Canada and the northern parts of the United 
States. Johnson (1925) has recorded it from 
NEW HAMPSHIRE, MASSACHUSETTS, and COoN- 
NECTICUT. I have records of about three hundred 
specimens from the following localities. ALASKA: 
Fairbanks. ALBERTA: Gull Lake; Banff; Faw- 
cett; Medicine Hat; Vermillion; Clymont; 
Edmonton; St. Paul; Cooking Lake; Bilby; 
Suffield. MANITOBA: Red Deer River; Churchill 
River, 20 miles south of Churchill. ONTARIO: 
Toronto; Fort Erie. WASHINGTON: Sprague; 
Soap Lake; Clarkston; Ilwaco; O’Sullivan Dam, 
Grant Co. OREGON: Boardman; Mountain Creek, 
Wheeler Co.; Dixie. CALIFORNIA: Martinez; 
Winters; Yosemite National Park; Swan Lake 
Island, Bancock Co.; Fresno. Wyominc: Lusk. 
Urtau: Vernal Canyon, Uinta Mts. New Mexico: 
Las Vegas. CoLoRApo: Grand Mesa; Skyway; 
Hoehne; East Carrizo Creek, Las Animas Co.; 
Walsh; Sterling; Roggen; Fort Collins; Boulder; 
Pingree Park, Larimer Co.; Cameron Pass; Lake 
City. Nortu Dakota: Tokio; Turtle Mts. 
SoutH Dakota: Hot Springs; Brookings; Big 
Stone City; Wanbay. MINNEsoTa: Norman 
Co.; St. Anthony Park; Ramsey; Fergus Falls. 
WISCONSIN: Door Co.; Madison; Dane Co.; Fish 
Creek. MICHIGAN: Cheboygan Co.; Douglas 
Lake; Isle Royal; Manistee; Silver Lake, Oceana 
Co.; Ioso Co.; Livingston Co.; Missaukee Co. 
Onto: Wauseon; Summit Co. NEW YorRK: 
Orient, Long Island; Staten Island; North Fair- 
haven; McLean; Cedarville; Buffalo; Pelham; 
Middleport; Foot Mt. Redfield, Essex Co.; 
Riverhead; Cold Springs Harbor. NEWFOUND- 
LAND: Stephenville. NEW BRuNswIck: “Barber 


8Series of C. ontario have been examined, in which the 
stigmatal may be strong in some members and wholly 
lacking in others, or strong on one side and lacking on 
the other side of the same fly. 
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D.’”’ MAssACHUSETTS: Bedford; New Bedford; 
Nantucket; Martha’s Vinyard; Beverly, Glou- 
cester; Beach Bluff; Horseneck Beach; Edgar- 
town; Cohasset. NEW JERSEY: Newark; Arling- 
ton. PENNSYLVANIA: Coburn; Danville. ViR- 
GINIA: Rosslyn. Dates of capture run from 
May 15 to September 9, the greatest number 
being in July and August. 


Cordilura ciliatipes, new species 


Close to latifrons, from which it may readily 
be distinguished by the characters given in the 
key. The ciliation of the hind tibia is very 
distinctive, so the males may be differentiated 
from those of latipes quite easily; differentiation 
of the female is more difficult. The posthumeral 
bristle, which, with rare exceptions, is lacking 
in Jatifrons, is usually present in this species and 
clearly distinguishable from the mesonotal setulae; 
it is, however, much smaller than the other 
mesonotal bristles; sometimes it is absent. The 
legs have the femora black, except apically, and 
the tibiae and tarsi reddish yellow; I have not 
seen any pale-legged individuals such as occur 
in latifrons. Male genitalia are similar to those 
of Jatifrons but significantly different (fig. 7). 

Types: Holotype o, Santa Cruz, CALIFORNIA, 
June 3, 1919 (E. P. Van Duzee); California 
Academy of Sciences. Allotype 9, Monterey 
Co., CALIFORNIA, July 3, 1896 (W. M. Wheeler) ; 
American Museum of Natural History. Para- 
types: 19, Pfeiffer Big Sur State Park, Monterey 
Co., CALIFORNIA, June 20, 1949 (Paul H. Arnaud); 
12, 1c, Monterey, CALIFORNIA, Nov. 24, 1938 
(M. Cazier); 1c’, Alamo Creek, San Luis Obispo 
Co., CALIFORNIA, June 22, 1948 (W. W. Wirth); 
1o’, Lucia, CALIFORNIA, Nov. 25, 1938 (M. 
Cazier); 1c’, Harmony, CALIFORNIA, Nov. 25, 
1938 (M. Cazier); 1c, Putah Canyon, Yolo- 
Solano Cos., CALIFORNIA, April 13, 1950 (R. M. 
Bohart); 19, Yosemite Valley, CALIFORNIA, 
May 25, 1921 (E. C. Van Dyke); 10, Bradley, 
CALIFORNIA, March 25, 1923 (L. 5. Slevin); 10’, 
Bradley, CALIFORNIA, May 22, 1920 (E. P. Van 
Dyke). In the collections of Fred Snyder, the 
American Museum of Natural History, the United 
States National Museum, the California Academy 
of Sciences, the University of California (Davis), 
and the State College of Washington. 


Cordilura proboscidea Zetterstedt 


Cordylura proboscidea Zetterstedt, 1838, Insecta Lappon- 
ica, p. 728. Types, o’, 9, Lapland. 
The pubescent arista will distinguish this 
species from other known Nearctic Cordilura. 
The form of the third antennal segment, also, 


is unique. Of the other known Nearctic species, 
only C. pudica alberta has the third segment 
angulate at the apex dorsally, but in this species 
the angulation is distinctly more pronounced 
even than in proboscidea and the entire third 
segment is more elongated, a condition which 
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somewhat obscures the ventral inflation of that 
segment which is likewise noticeable in that 
species, though to a lesser extent than in the 
males of proboscidea. 

The setulae of the mesonotum and scutellum 
are more abundant than in most other species of 
Cordilura, the setulae of the presutural dorso- 
central rows sometimes simulating one or more 
additional bristles. The longest presutural acro- 
sticals may be two-thirds the length of the dorso- 
central bristles. The tibiae are described by 
Zetterstedt, Becker, and Sack as being entirely 
black, though in the American material which I 
have seen they are at most partly blackish or 
discolored. 

Outer male forceps as in fig. 8. 

I have seen 29, 20, Churchill, MANITOBA, 
June 26, 1948 (G. E. Shewell); Canadian National 
Collection. 


Cordilura rufimana Meigen 
Cordylura rifimana Meigen, 1826, Syst. Beschr., vol. 5, 

p. 232. 

Anthomyza incerta Zetterstedt, 1839, Insecta Lapponica, 

p. 690. 

Cordylura tibialis Zetterstedt, 1839, Insecta Lapponica, 

p. 725. 

Outer males forceps as in Fig. 9. 

A common central and northern European 
species which extends into Siberia and North 
America. I have seen 1o’, 19, Eastern Creek, 
near Churchill, MANITOBA, June 25, 1952 (J. G. 
Chillcott), Canadian National Collection, which, 
through the kind cooperation of Mr. Vockeroth 
I have been able to compare with 19, 10, 
Abisko, Lapland, Sweden, July 16, 1952 (J. R. 
Vockeroth). 

Cordilura passiva Curran 
Cordilura passiva Curran, 1929, Canad. Ent. 61: 130. 

Types, o’, 9, Tennessee Pass, Colorado; in the United 

States National Museum. 

This is a small black species, the smallest of 
this group, with predominantly black legs, a 
black face, and black antennae. Curran described 
it as having a yellow face, but this is not the case 
in the material I have examined, including the 
types in the United States National Museum. 

A rare species. I have collected it at Roggen, 
CoLorabo, May 29, 1937, and at Florissant, 
COLORADO, June 1, 1938, and have seen it from 
Grant, COLORADO, June 20, 1916 (E. C. Jackson) 
and Tennessee Pass, COLORADO, July 25, 1917 
(Aldrich), United States National Museum. 


Cordilura ontario Curran 
Cordilura ontario Curran, 1929, Canad. Ent., 61: 132. 

Types, o’, 9, Ottawa, Ontario, Canada; in the Cana- 

dian National Collection. 

This is the most aberrant member of this group, 
though it resembles /atifrons quite closely in its 
general appearance. The acrosticals are usually 
present, though reduced to not more than three 
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pairs located well before the suture; rarely, 
postsutural acrosticals may be represented by 
scant, scattered hairs. The apical scutellars 
are one-half to two-thirds the length of the lateral 
scutellars; in other members of this group, these 
bristles are subequal. An occasional specimen 
lacks the stigmatals. The outer male forceps are 
deeply cleft apically (fig. 6). 

Fairly common, from Alaska through southern 
Canada and the northern United States to the 
Atlantic seaboard. ALASKA: Fairbanks; Anchor- 
age. YUKON TERRITORY: Whitehorse. MAnI- 
TOBA: Churchill. CALIFORNIA: Woodacre, Marin 
Co. ALBERTA: Banff; Jasper. COLORADO: Pingree 
Park, Larimer Co.; Gould; Lake City; Platte 
Canyon, near Idlewild; Electra Lake; Long’s Peak 
Inn. Hupson BAy TERRITORY: no _ locality 
(Loew Collection). QUEBEC: Bradore Bay; Great 
Whale River, Hudson Bay. Wisconsin: Door 
Co. MuicuiGAN: Montmorency Co. NEW YORK: 
Lake Tear, Essex Co. MASSACHUSETTS: Blue 
Hills. 


Cordilura atrata Zetterstedt 

Cordylura atrata Zetterstedt, 1846, Divt. Scand., Vol. 5, 
p. 2002. Types, 2, o, Lapland. 

? Mosina nigra Robineau-Desvoidy, 1830, Essai sur les 
Myodaires, p. 671. 

Cordylura beringensis Malloch, 1923, North Amer. Fauna, 
46: 198. (New synonymy). 

Cordylura nigra (Robineau-Desvoidy), Séguy, 1952, 
Genera Insectorum, fasc. 209, p. 34 (synonymy with 
atrata). 

Male outer forceps as in Fig. 10. 

The synonymy of atrata and nigra, if it proves 
to be well-founded, is disturbing, since it will 
result in the change of a well-established name. 
Though Séguy gave the synonymy without a 
query, for some reason he retained the name 
atrata. The synonymy of beringensis is based 
on a statement of Vockeroth (in litt.) to the effect 
that he found a male paratype of beringensis 
identical with a male atrata from Lapland. 

Malloch described beringensis from the Pribilof 
Islands. I have records from the following 
localities. ALASKA: Anchorage; Port Althorp; 
Skagway; Metlakahtla; Popoff Islands; Virgins 
Bay; Katmai; Kodiak. BRITISH COLUMBIA: 
Prince Rupert. WASHINGTON: Nahcotta; Ilwaco; 
Longmire’s Spring, Mt. Rainier National Park; 
Mt. Constitution. OREGON: Neskowin; Astoria; 
Warrenton; Hood River Meadows. CALIFORNIA: 
Mt. Hermon, Santa Cruz Co.; Sardine Creek, 
Mono Co.; Napa; Crescent City; La Honda, San 
Mateo Co.; Fieldbrook; Klamath River, near 
mouth. UTAH: Heber. ALBERTA: Banff. ONTARIO: 
Moose Factory. QUEBEC: Knob Lake; Thunder 
River. 


Cordilura varicornis Curran 


Cordilura varicornis Curran, 1929, Canad. Ent. 61: 130. 
Types, 2, co’, Banff, Alberta, Canada; in the Canadian 
National Collection. 


This species is very close to atrata and may 
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be merely a subspecies that has been segregated 
in the southern part of Canada east of the Rocky 
Mountains. Curran used the lack of setae on 
vein R: as a diagnostic character, but specimens 
from the type locality, according to Mr. Vockeroth 
in litt. and confirmed by my experience, show 
variation from none to six or seven setae in this 
position, and the same variation holds for 
specimens of afrata. The only reliable character 
for separating the two species lies in the form of 
the male genitalia. 

C. varicornis is known for certain only from 
Banff, ALBERTA; a female from Gull Lake, 
ALBERTA, June 21, 1929, is probably also this 
form. A female, Longmire’s Spring, Mt. Rainier 
National Park, WASHINGTON, Aug. 2, 1905 
(Aldrich), and a female, Kaslo, BRITISH COLUM- 
BIA, United States National Museum, may be 
this species, but for lack of associated males it is 
being considered under a/rata. 


The Cordilura pudica Group 


Mr. Vockeroth has pointed out to me (in litt.) 
the fact, which I have been able to verify, that 
there is a close relationship between the European 
C. pudica Meigen and the American C. alberta 
Curran, the two having identical genitalia and 
differing from each other only in minor respects. 
Since the two are allopatric, I am following Mr. 
Vockeroth in considering them subspecies. C. 
alberta is the only known representative of this 
group that occurs in the United States or Canada. 

The chaetotaxy is strong; there are one pro- 
clinate and two reclinate frontoorbitals, the hind 
pair of the latter being weaker; there are at least 
five well-developed dorsocentrals; acrosticals are 
numerous and strong; the apical scutellars are 
subequal to the lateral scutellars; the propleural 
is usually duplicated; the stigmatal is strong. 
The middle femur has two preapicals behind 
(one posterior, one posterodorsal). The head is 
but slightly receding, the parafacials narrow, the 
vibrissae well separated. The third antennal 
segment is elongated, acutely pointed apically. 
The body is elongated, the intermediate 
abdominal segments of the male, when the tergal 
margins are curved under to the extent that is 
usual in dried specimens, being distinctly longer 
than wide. The terminal ventral plate of the 
female is broadly rounded. 


Cordilura pudica alberta Curran 
Cordilura alberta Curran, 1929, Canad. Ent. 61, 132. 

Types, o&, 9, Banff, Alberta, Canada; in the Canadian 

National Collection. Procter, 1946, Biol. Survey Mt. 

Desert Region, VII, The Insect Fauna, p. 415. 

Male outer forceps as in Fig. 11. 

This subspecies differs from the typical pudica 
in that the aristal hairs are shorter, none of them 
being longer than half the width of the third 
antennal segment, and in that the dorsal bristle 
of the second antennal segment is likewise 
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shorter, being usually no more than half as long 
as the third antennal segment. Alaskan speci- 
mens approach more nearly the typical condition 
in these respects. The American form seems to 
be rather uncommon, though widespread. Curran 
recorded it from Alberta and Manitoba, and 
Proctor from the Mount Desert Region, Maine. 
I have records of the following material. 

ALASKA: Lower Yukon River, larvae collected 
June 21 & 28, 1951, adults emerged July 3 
(C. O. Berg), 62 co; State College of Washington. 
ALBERTA: Gull Lake, June 4, 1929 (Strickland), 
lo; Univ. of Alberta. SASKATCHEWAN: Waskesiu 
River, August, 1947 (R. Coleman), 1c; United 
States National Museum. CoLorapo: Neder- 
land, July 9, 1932 (James), 2c’, 22; Cowdrey, 
July 27, 1938 (James), 1c”, 12 ; Colorado A. & M. 
College. Skyway, June 17, 1938 (Urless Lanham), 
1c’; Grand Mesa, July 8, 1938 (Lanham), 1<7’; 
Univ. of Colorado. Wisconsin: Wisconsin Rapids, 
Aug. 4, 1930 (Fluke), 1o%; Univ. of Wisconsin. 
MIcuIGANn: losco Co., July 15, 1939 (R. R. Dreis- 
bach), 1o7; Snyder Collection. Cheboygan Co., 
May 1, 1929, 10°; Univ. of Kansas. NEW YorK: 
Stormy Cove, Catskill Mts., Sept. 2, 1897 
(C. W. Johnson), 1o*?; Museum of Comparative 
Zoology. VIRGINIA: Rosslyn, May 4, 1913 
(Shannon), 1c"; United States National Museum. 
ONTARIO: Moose Factory; Canadian National 
Museum. 


The Cordilura variabilis Group 


Cordilura variabilis Loew is sufficiently different 
from other members of the genus to warrant 
being placed in a separate group. The chaetotaxy 
is moderately strong: there are one proclinate and 
two reclinate frontoorbitals, the hind pair of the 
latter being, however, very weak, usually not 
more than one-third the length of the fore pair; 
there are usually three or four cruciate frontals, 
five strong dorsocentrals, no acrostical bristles or 
hairs, and strong propleurals; the stigmatals are 
normally wanting; the lateral scutellars are 
strong and the apical scutellars weak, usually 
one-fourth as long as the laterals. The head is 
moderately receding, the faciooral angle being 
about 120°. The parafacials are but little 
broader than the facials. The abdomen is slender, 
the intermediate segments of the male, when 
the sides of the terga are normally reflexed, being 
fully as broad as long. 


Cordilura variabilis Loew 


Cordylura variabilis Loew, 1876, Zeitsch. Ges. Naturw.., 
1876: 326. Type, 9, Massachusetts; Museum of Com- 
parative Zoology. Coquillett, 1900, Proc. Washington 
Acad. Sci., 2: 456. Washburn, 1905, Tenth Ann. Rept. 
State Ent. Minn., p. 122. 

Cordilura variabilis Loew, Johnson, 1925, Occ. Papers 
Boston Soc. Nat. Hist., 7 (15): 239. 


A slender black species, with the face whitish 
to yellow, the apex and upper parts of the second 
antennal segment yellow, and the apices and 
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under sides of the tarsi yellowish to yellow; 
rarely, the tibiae may be extensively yellow. 
The bristles, except those on the under sides of 
the femora in the male, are black, but the hairs 
on the under side of the head, the sides of the 
thorax, and the base and sides of the abdomen, 
are largely pale. The mesonotum has a median 
stripe of pollen which is more noticeable than 
elsewhere and which shows best from a posterior 
view. The middle femur has one _ preapical 
behind (posterior). The female genitalia have 
the ventral terminal plate broadly rounded 
(fig. 22); the male genitalia have the outer forceps 
cleft almost to the base, the ventral part being 
finger-like (fig. 12). 

This is the only Cordilura known to me in 
which the stigmatal bristle is normally absent. 
However, in some specimens of this species, this 
bristle may be present, at least on one side, 
whereas in some other species of Cordilura it may 
be abnormally absent, on one or both sides. 
Variation likewise occurs in the strength of the 
posterior reclinate frontoorbital, which may be 
abnormally half or more the length of the anterior 
one, and in the apical scutellar, which may be 
half or more the length of the lateral scutellar. 
Normal specimens of variabilis are easy to 
recognize, but the aberrant ones may cause 
difficulty. 

Coquillett recorded this species from Alaska 


and gave its distribution as “ranging from New 
Hampshire to North Carolina, and westward to 


Texas and Colorado’’. His records are almost 
certainly based on misdeterminations, and Wash- 
burn’s record from Minnesota may also be 
erroneous. The species is common in _ the 
northeastern United States. Johnson’s records 
from MAINE, MASSACHUSETTS, and CONNECTICUT 
are probably correct. I have records from the 
following localities. NEW HAMPSHIRE: Franconia. 
MASSACHUSETTS: Saugus; Wellesley; Blue Hill; 
Concord; Elles; Sherbon; Beverly; Natick; 
Dedham. CONNECTICUT: South Meriden; Avon. 
New York: Bear Mountain; McLean; Ithaca; 
White Plains. NEw JERSEY: Ramsey; New- 
foundland; Great Piece Meadow; Newark; Ash- 
land: Greenwood Lake; Branchville; Leonia. 
MICHIGAN: Agricultural College; Washtenaw Co.; 
Kinderhook, Branch Co.; George Reserve, 
Livingston Co.; Alto; East Lansing; Rose Lake, 
Clinton Co. QUEBEC: Knowlton. Occurrence, 
May and early June 


The Cordilura setosa Group 


This group is unique among the Nearctic 
Cordilura in that the first postsutural dorsocentral 
is absent, although the remaining two pairs of 
postsuturals, as well as the presuturals, are all 
very strong. The posterior reclinate fronto- 
orbital is minute; there are three to four cruciate 
frontals; the acrosticals are small, though 
numerous and well developed; the apical scutellars 
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are small to minute, one-third or less the length 
of the laterals; the middle femur has two pre- 
apicals behind. The head is not at all receding, 
or at most very slightly so; the facials are about 
equal in width to the parafacials. The body is 
moderately slender, the intermediate abdominal 
segments of the male, when the sides are normally 
reflexed, being about as long as wide. 


Cordilura setosa Loew 
Cordylura setosa Loew, 1860, Wiener Ent. Monatschr., 4: 

81. Types, 2, o, without locality label; Museum of 

Comparative Zoology. Loew, 1863, Berliner Ent. Zeit., 

7: 24 (Centuria III, No. 44). 

Cordilura setosa Loew, Johnson, 1925, Occ. Papers Boston 

Soc. Nat. Hist., 7 (15); 239. 

A black species, with the legs, face, lower part 
of the front, antenna except the apical two-thirds 
of the third segment, palpi, and proboscis yellow; 
the mesonotum and abdomen are largely sub- 
shining. 

Loew (1863) records this species from the 
DisTRICT OF COLUMBIA, though his types bear no 
locality label; other specimens in the Museum 
of Comparative Zoology, collected by Osten 
Sacken and undoubtedly examined by Loew, 
bear this locality label, however. Johnson has 
recorded the species from MAINE, NEw HAmp- 
SHIRE, VERMONT, RHODE ISLAND, MASSACHU- 
SETTS, and CONNECTICUT. It is apparently 
common east of the Allegheny Mountains, from 
Ontario to North Carolina. I have seen numerous 
specimens from the following localities. NEW 
BRUNSWICK: Fredericton. WISCONSIN: Polk Co. 
ONTARIO: Ottawa; Kearney. MAINE: Hartland; 
East Eddington; Echo Lake, Mt. Desert. NEw 
HAMPSHIRE: Jaffrey; Franconia; White Moun- 
tains. VERMONT: St. Albans. MASSACHUSETTS: 
Rutland; Great Barrington; Manomet. Con- 
NECTICUT: Litchfield Co. NEw York: West 
Nyack; Colden; East Aurora; Hamburg; Mix 
Creek, Cattaraugus Co.; Ringwood, Tompkins 
Co.; McLean Bogs, Cortland Co. NEW JERSEY: 
Hemlock Falls; Branchville. PENNSLYVANIA: 
Montgomery Co.; Philadelphia; Edge Hill; Glen- 
side; Germantown; Swarthmore; Hazleton. 
MARYLAND: Baltimore; Glen Echo. DISTRICT 
OF COLUMBIA: Washington. VIRGINIA: Great 
Falls; Glencarlyn. NorTH CAROLINA: Mt. 
Mitchell; Black Mountain, north fork Swannanoa. 
May to early August. 


Subgenus Cordilurina, novum 


The members of this subgenus are, in general, 
smaller and more slender than in typical Cordilura, 
though there is considerable variation in this 
respect. The chaetotaxy is relatively weak: the 
hind reclinate frontoorbital is small, often 
absent; there are no more than three or four 
cruciate frontals; the dorsocentrals, except the 
prescutellar pair, are reduced in size; the apical 
scutellars are very small or absent; only one 
bristle (the posterior) is present behind pre- 
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apically on the middle femur. The face is but 
slightly receding, the faciooral angle being about 
105°; the parafacials are little, if any, broader 
than the facials. The last sternite of the female 
is greatly narrowed apically and is either reduced 
and terminating in a blunt apex, or it is more 
strongly developed and acute, its tip often 
upcurved. 
Type of the subgenus, C. vittipes Loew. 


The Cordilura vittipes Group 


To this group I am referring three species 
which seem to form a homogeneous complex: 
C. vittipes Loew, C. albicoxa n. sp., and C. luteola 
Malloch. The Mexican C. brevicornis van der 
Wulp, which the author compares with C. lutea 
(= vittipes) and which Mr. Vockeroth, from 
examination of the type, tells me (im litt). is a 
Cordilura, apparently belongs here; it may be a 
color variant of C. luteola. 

The sides of the front and upper part of the 
face are almost parallel in the female, the face, 
consequently, being but little constricted just 
above the plane where it begins to broaden. 
The male genitalia are elongated, the outer 
forceps being slender, long, and somewhat 
constricted or petiolate basally; the female has 
the last sternite well developed and acute apically. 


Cordilura (Cordilurina) vittipes Loew 

Scatophaga pallida Walker, 1849, List of . . . Dipterous 
Insects in the . . . British museum, pt. IV, p. 981 
(New synonymy, fide Vockeroth im litt.) Non S. pallida 
Auctt.; non Cordylura pallida Fallén, 1819, Dipt. Suec., 
Scatomyz., p. 8. , 

Cordylura vittipes Loew, 1872, Berliner Ent. Zeit., 16: 96 
(Centuria X, No. 74). Type, o, Sitka, Alaska; Mu- 
seum of Comparative Zoology. Aldrich, 1905, Cat. 
North Amer. Dipt., p. 566. 

Cordylura lutea Loew, 1872, Berliner Ent. Zeit., 16: 96 
(Centuria X, No. 75). (New synonymy). 

Cordilura fasciventris Curran, 1927, Canad. Ent. 59: 258. 
Proctor, 1946, Biol, Survey Mt. Desert Region, VII, 
The Insect Fauna, p. 415. (New synonymy). 

Cordilura fasciventris var. fulvithorax Curran, 1929, Canad. 
Ent. 61: 131 (New synonymy). 

Cordilura browni Curran, 1931, Amer. Mus. Nov., 492, p. 
12 (New synonymy). 

This is an extremely variable species; it is 
little wonder that it has been described under six 
different names. Loew described vittipes from 
a male and /utea from a female, both from the 
same locality and presumably on the same date 
and by the same collector. Typically, the male 
is predominantly black with a yellow face and 
yellow legs; the female typically has a yellow 
thorax, but the abdomen may vary from wholly 
yellow to wholly black. Extremes in color 
variation may occur within a single series, so 
there seems to be no way of distinguishing 
geographic subspecies on the basis of color 
variants. An occasional male may have a-partly 
yellow thorax and an occasional female a wholly 
or largely black one. The femora may or may 
not be vittate with black. 
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Genitalia as in figs. 13 and 23. 

A widely distributed species, from Alaska 
acrcss Canada, southward to Oregon and New 
Mexico, eastward to Quebec, Maine and Mary- 
land. Curran described fasciventris from BRITISH 
CoLuUMBIA and NEw HaAmpsuiRE; Aldrich reported 
vittipes from NEW Mexico, and Proctor reported 
fasciventris from MAINE. Walker’s types of 
pallida came from St. Martin’s Falls, HUpDsON’s 
Bay T. I have records of numerous males and 
females from the following localities. ALASKA: 
Yakutat; Berg Bay; Metlakahtla; Popoff Island; 
Healy; Katmai; Juneau; Sitka; Thane; Eagle 
River; Kotzebue; Reindeer Camp, Golovin; 
Dutch Harbor. NoRTHWEsT TERRITORY: Padley, 
about 150 mi. N.N.W. of Ft. Churchill. ALBERTA: 
Ptarmigan Pass; Laggan; Gull Lake; Banff. 
MANIToBA: Churchill. British CoLUMBIA: Lon- 
don Hill Mine, Bear Lake; Kakanee Mt. WaAsu- 
INGTON: Birch Bay; Ocean Park; Ilwaco; North 
Bend; Puyallup; Mt. Constitution; Longmire’s 
Springs, Mt. Rainier National Park; Mt. Baker. 
OREGON: Neskowin; Mt. Hood Meadows; Scap- 
poose; Keizer Bottom, Marion Co.; Suttle Lake; 
Aneroid Lake. IpAHo: Moores Lake; Laird 
Park, near Princeton. WyYoMING: Lonetree. 


COLORADO: Gould; Florissant; Grant; Tennessee 
Pass; Cameron Pass; Grizzly Creek Camp 
Ground, Jackson Co. New Mexico: Las Vegas. 
QUEBEC: Tabatiere; Great Whale River; Ft. 


Chimo. NEw HAMPSHIRE: White Mts.; Mt. Wash- 
ington. PENNSYLVANIA: Germantown. MAry- 
LAND: Beltsville. Late May to late August. 
Mr. Vockeroth tells me this species occurs at 
Abisko, Lapland, Sweden. 


Cordilura (Cordilurina) luteola Malloch 
Cordylura luteola Malloch, 1924, Pan-Pac. Ent. 1: 15. 

Type, 9, Hood River, Oregon; California Academy of 

Sciences. 

This species has been sufficiently characterized 
in the key. Though Malloch compares it with 
praeusta, its relationship is with vittipes, to which 
it is very closely allied; the female genitalia 
are of the same type; the male genitalia are very 
much alike, but the form of the outer forceps 
is somewhat different (fig. 14). 

I have seen but a single male (unassociated 
with a female) which I would refer here (Malloch’s 
types were all females). It compares well with 
females which I have seen and with most points 
in Malloch’s description, with the following 
exceptions: the abdomen is mostly black from 
the apex of the second segment to the hypopy- 
gium; the legs are entirely yellow; the front 
femur, and to a limited extent the middle one, 
also, has some erect pale hairs below; the middle 
tibia lacks the ventral bristle, which is quite 
prominent in the female. The antennae are 
wholly yellow; in the females which I have seen, 
it varies from wholly yellow to the third segment 
largely black. 
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An apparently uncommon western species. | 
have the following records. ALASKA: Berg Bay, 
June 10, 1899 (T. Kincaid, Harriman Expedition), 
lo’, United States National Museum. ALBERTA: 
Ptarmigan Pass, July 22, 1928 (O. Bryant), 
United States National Museum. WASHINGTON: 
Dewatto (part of type series); Nahcotta, July 16, 
1953 (Trevor Kincaid), State College of Wash- 
ington. OREGON: Hood River; Parkdale; both 
in type series. IDAHO: Moscow Mountain, 
July 12, 1924 (Aldrich); United States National 
Museum, 19. CALIFORNIA: Klamath River, 
near mouth, July 11, 1930 (Aldrich), 1o; Eureka, 
“5-6”, (H. S. Barber), 1c’; both United States 
National Museum; Huntington Lake, July 10, 
1919 (E. P. Van Duzee), 1 2 , California Academy 
of Sciences; Eagle Park Meadows, 7050 feet, 
July 1-2, 1931, 69, University of California 
(Berkeley); Buck’s Lake, Plumas Co., July 1, 1949 
(W. F. Ehrhardt), 12, and Emigrant Gap, 
Nevada Co., June 15, 1951 (E. Schlinger), 19, 
both University of California (Davis). ARIZONA: 
Flagstaff, July 27, 1936 (R. H. Beamer), 19, 
University of Kansas. 


Cordilura (Cordilurina) albicoxa, new species 


Male.—Head mainly black, the frontale yellow, 
lower parts of parafrontals, the clypeus, the 
facials, the parafacials, the epistoma, and the 
cheeks pale yellow, almost white; entire head 
lightly but distinctly cinereous-pollinose. Vertex 
slightly broader than front at plane of antennal 
insertion; frontooral angle about 105°. One 
strong proclinate and one strong and one weak 
reclinate frontoorbital, the latter sometimes 
lacking; three to four cruciate frontals. Inferior 
vibrissa about half length of the vibrissa and 
considerably removed from it. Bristles and 
setulae of head black; considerable pale hair on 
lower half of occiput. First and second antennal 
segments brownish yellow, the second yellow 
above; third black, somewhat paler at the base; 
arista black, black-haired. Palpi pale yellow, 
almost white, with black setulae and bristles. 

Thorax black; mesonotum subshining under 
whitish pollen; pleura and metanotum more 
distinctly whitish pollinose. Acrosticals distinct, 
hair-like, five or more pairs in each row, irregularly 
paired or unpaired. Two presutural and three 
postsutural dorsocentrals, the first of each series 
weak, the second of moderate strength, the 
prescutellars only strong. Lateral  scutellars 
strong; apical scutellars weak, hair-like or not 
more than twice length and strength of the 
scutellar hairs. Bristles of thorax black, some 
lower pleural hairs pale. Front coxae pale 
yellow, almost white; other coxae, femora, and 
middle and hind tibiae black: front tibiae and 
all tarsi yellow, the tarsi, especially apically, 
more or less black in some specimens. Legs 
mostly with black setulae; femora with numerous 
erect pale hairs below; middle tibia with abundant, 
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erect black hairs on flexor surface. Squamae 
almost white. Wing lightly infuscated, some- 
what darker toward apex; veins brown. Halteres 
vellow. 

Abdomen elongated, slender, the intermediate 
segments, when sides of terga are normally 
reflexed, appearing longer than wide; black, 
subshining through scant whitish pollen, with 
some pale hairs at the base but mostly with black 
setulae and with black bristles. Processes of fifth 
sternum parallel-sided on basal half or more, 
broadly rounded at apex. Hypopygium black; 
outer forceps as in fig. 15, reddish-yellow, the 
apex inwardly denticulate and with several 
stiff, short setulae. 

Length, 7 mm. 

Female.—A little more robust than the male, 
especially on the abdomen; front almost parallel- 
sided to antennal bases. Front femur black only 
on dorsal surface; trochanters and basal fifth to 
third of middle and hind femora yellow. Ventral 
plate of ovipositor acute, the apex somewhat 
turned upward. Otherwise as in the male. 

Types: Holotype o’, Mono Lake, CALIFORNIA, 
July 23, 1911; United States National Museum 
type no. 62,227. Allotype 9, Tuolumne Mead- 
ows, Yosemite Park, CALIFORNIA, July 4, 1927 
(J. M. Aldrich). Paratypes: 1 ° , 407%, same data 
as allotype; 1c’, Huntington Lake, CALIFORNIA, 
Fresno Co., 7000 ft., July 28, 1919 (E. P. Van 
Duzee); 1o°, 29, Sardine Creek, Mono Co., 
CALIFORNIA, July 18, 1951 (A. T. MeClay); 107, 
Tuolumne Meadows, CALIFORNIA, July 1, 1940 
(R. H. Beamer); 1c”, Giant Forest, CALIFORNIA, 
July 28, 1929 (Beamer). In the United States 
National Museum, the California Academy of 
Sciences, the University of California (Davis), 
the State College of Washington, and the Uni- 
versity of Kansas. 

The Cordilura gagatina Group 

The two species referred to this group are 
shorter and a little more robust than the members 
of the vittipes and praeusta groups. The sides 
of the face, in the female, are slightly and gently 
constricted below the bases of the antennae and 
above the plane where the face begins to broaden. 
Acrostical hairs are absent; apical scutellars are 
minute or absent; the mesonotum is devoid of 
pollen and contrasts strongly with the densely 
pollinose pleura. The terminal sternite of the 
female (fig. 24) is very small and tapers to a 
narrowly rounded apex. 

This group is being placed in Cordilurina for 
want of a better position; its members are not 
typical of that subgenus but occupy a position 
intermediate between true Cordilurina and typical 
Cordilura. 


Cordilura (Cordilurina) gagatina Loew 
Cordylura gagatina Loew, 1869, Berliner Ent. Zeit. 13: 182 
(Centuria IX, No. 93.) Type, o, ‘“Canada’’; Museum 
of Comparative Zoology. 
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Cordylura carbonaria (Walker), Aldrich, 1905, Cat. North 
Amer. Dipt., p. 565 (non Lyssa carbonaria Walker). 
Cordilura carbonaria (Walker), Johnson, 1925, Occ. Papers 

Boston Soc. Nat. Hist., 7 (15): 239. 

Sufficiently characterized in the key. A fairly 
common and widespread species in the eastern 
United States and Canada. Johnson has recorded 
it, from MAINE, NEW HAMPSHIRE, VERMONT, 
and MASSACHUSETTS, as carbonaria, but, since 
he lists in his records gagalina as a synonym, he 
obviously had this species. I have numerous 
records from the following localities. MICHIGAN: 
Newaygo Co.; Osceola Co. MANITOBA: Herchmer. 
ONTARIO: Kearney; Waubamic; Moose Factory. 
QUEBEC: Lanoraie; Great Whale River; Montreal. 
Nova Scotia: Baddeck, Cape Breton Island. 
NEW BRUNSWICK: Shippigan. NEW HAMPSHIRE: 
Crawfords; Mt. Washington; Glen House, White 
Mts. VERMONT: Rutland. MAssACHUSETTs: Blue 
Hills. New York: Freeville; Ithaca. NEw 
JERSEY: Dover. PENNSYLVANIA: North Moun- 
tain. Mostly June to late August, but as early 
as April 23 (Freeville, New York). 


Cordilura (Cordilurina) carbonaria (Walker) 
Lissa carbonaria Walker, 1849, List of . . . Dipterous 

Insects in the . . British Museum, pt. IV, p. 1047. 

Type, 9, New York; British Museum (Natural 

History 
Cordilura terminalis Loew, 1863, Berliner Ent. Zeit. 7: 21 

(Centuria III, No. 39.) (New synonymy, fide Vocke- 

roth in /ttt.) 

Cordylura carbonaria (Walker), Aldrich, 1905, Cat. North 

Amer. Dipt., p. 595 (partim). 

Sufficiently characterized in the key. The 
wing is slightly, but distinctly infumated apically. 
A rare eastern species; I have seen 1 female, East 
Aurora, NEW York, July 4, 1921 (M. C. Van 
Duzee), California Academy of Sciences; 1 
specimen, Cabin John, MARYLAND, May 30, 1944; 
1 male, one female, Falls Church, VIRGINIA, 
June 20 (Banks), Museum of Comparative 
Zoology; and one male, High Island (VIRGINIA), 
July 1 (Banks), Museum of Comparative Zoology. 
Mr. Vockeroth (in litt.) reports its occurrence at 
Ottawa, ONTARIO. C. carbonaria type was from 
New York and the C. terminalis type from 
PENNSYLVANIA. 


Subgenus Snyderia, novum 


Cordilura praeusta Loew stands so clearly apart 
from the other Nearctic species that it seems best 
to propose a separate subgeneric name for it. 
The front and upper part of the face are almost 
parallel-sided, only a little narrowed below the 
antennal bases; the inferior vibrissa is small, often 
undifferentiated from the adjacent setulae; 
acrostical hairs are absent; the dorsocentrals, 
except the prescutellars, are weak, usually less than 
half the length of the prescutellars, the first pre- 
sutural and first postsutural being the weakest; 
there is but one preapical behind on the middle fe- 
mur (the posterior). Thestigmatalispresent. The 
wing is exceptionally broad. The sides of the ab- 
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dominal terga curve broadly under, the abdomen be- 
ing subcylindrical in the male, subcylindrical to- 
ward the apex of the preabdomen in the female. 
The last sternite of the female (fig. 25) is rather 
small but broadly rounded; the genitalia and 
processes of the fifth sternite of the male are very 
large, the outer forceps (fig. 16) being exception- 
ally long. 
Type of subgenus, Cordilura praeusta Loew. 


Cordilura (Snyderia) praeusta Loew 
Cordylura praeusta Loew, 1864, Berliner Ent. Zeit., 8: 96 
(Centuria V, No. 93.) Type, o’, ‘‘Canada’’; Museum of 
Comparative Zoology. Coquillett, 1900, Proc. Wash 
ington Acad. Sci., 2: 456. Brimley, 1938, Insects of 
North Carolina, p. 377. 


An almost wholly yellow species; the narrow 
apices of abdominal segments 2 to 6. black 
dorsally. Two to four cruciate frontals; hind 
reclinate frontoorbital minute or wanting. Thorax 
largely shining, without pollen, the mesonotum 
especially shining. Wing distinctly clouded 
apically and across the posterior crossvein. 

A rather common eastern species. Coquillett 
has recorded it from Alaska, but erroneously so 
on the basis of the Berg Bay specimen of /uteola. 
Brimley has recorded it from NORTH CAROLINA, 
the southernmost record for thisgenusin the eastern 
United States. I have seen numerous specimens 
from the following localities. MAINE: Machias. 
New HAMPSHIRE: Bretton Woods; Franconia. 
MaAssacuuseEtts: Holleston; Saxonville; Chicopee ; 
Longmeadow; Plymouth. CONNEcTICUT: Lynn. 
New York: Lake George; East Aurora; Spring- 
ville; Colden; Gowanda; Trenton Falls; Hemlock 
Ridge; Cooperstown. NEW JERSEY: Clementon; 
Riverton. PENNSYLVANIA: North Mountain; 
Germantown; Hazelton; Roxboro; Pocopo Lake. 
VIRGINIA: Falls Church; Glencarlyn. Iowa: 
Ames. Mostly mid-May to late August; October 
4 at Gowanda, New York. 


Subgenus Paratidia Malloch, 1931 


Ann. Mag. Nat. Hist. (10) 8: 482. Type, Acicephala in- 
termedia Curran. 


This subgenus is hard to characterize, since its 
members do not form a homogenous complex. 
All agree, however, in having a strongly receding 
face, the parafacials distinctly wider than the 
facials, the front and upper part of the face 
almost parallel-sided, the chaetotaxy at least 
moderately strong, the acrostical hairs present 
(rarely absent in adrogans), the apical scutellars 
present but shorter and weaker than the lateral 
scutellars, and the last sternite of the female 
abdomen fairly large, well sclerotized, and acute 
apically. There is a tendency toward the 
development of more than four cruciate frontals 
and of an expanded lower occipital orbit. 

Judged on a morphological basis, this group 
seems phylogenetically to be an offshoot of 
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typical Cordilura, probably through the picticornis 
group or a common ancestor, into the direction of 
Pseudacicephala, C. adrogans and C. masconina 
being closest to typical Cordilura and C. atripennis 
closest to Pseudacicephala. Malloch’s selection 
of the type on which to found his monobasic 
genus was a fortunate one. 


Cordilura (Paratidia) masconina Curran‘ 
Cordilura masconina Curran, 1931, Amer. Mus. Nov., 492, 
p. 11. Type, o, Masconin, Quebec; Canadian National 
Collection. 


This is a predominantly black species with 
black femora and yellow tibiae; the frontale is 
reddish yellow, the face yellow, and the second 
antennal segment yellowish, at least above; the 
head and thorax are densely covered with 
cinereous pollen, the femora and abdomen less 
densely so. The chaetotaxy is strong; the hind 
proclinate frontoorbital is usually well developed 
and about half the length of the front one, though 
it may be reduced in size or even absent; there 
are three to six cruciate frontals; the inferior 
vibrissa is strong, but is sometimes followed by 
almost equally developed setae; the dorsocentrals 
are strong, the stigmatal present and strong, the 
propleural occasionally duplicated; the middle 
femur with two preapicals behind. The acrostical 
hairs are present, about one-fourth to one-third 
the length of the stronger dorsocentrals; the 
apical scutellars are about one-fourth the length 
of the laterals. ‘Male outer forceps as in fig. 17. 

A common and widely distributed species 
through southern Canada and the western United 
States. I have numerous records from the 
following localities. ALASKA: Berg Bay. BRITISH 
CoLuMBIA: Merritt. ALBERTA: Calgary, Wetas- 
kiwin. SASKATCHEWAN: Saskatoon; Cypress Hills. 
MANITOBA: Aweme; Churchill River, 20 miles 
south of Churchill. WaAsHINGTON: Mt. Constitu- 
tion; Puyallup; Albion. IpAHo: Troy. MONTANA: 
Butte. OREGON: Boiler Bay; Newport; Ochoco 
Pass, Crook Co.; Elk Lake, Deschutes Co.; 
Summit Prairie; Waldport ; Sand Lake, Tillamook 
Co.; Neskowin. WYOMING: Carbon Co. CALI- 
FORNIA: Humbolt Creek, Mono Co.; Cedar Pass, 
Modoc Co.; Smith River; Fresno: Lone Pine; 
Bishop; San Francisco; Benicia, Solano Co.; 
Hallelujah Jct., Lassen Co.; Stinson Beach; 
Keen Camp, San Jacinto Co.; Idyllwild, San 
Jacinto Co.; Yosemite; Wright’s Lake, Eldorado 
Co.: Floriston, east of Truckee. UTAH: Bountiful: 
Elk Creek Park, Uinta Mts. CoLorapo: Floris- 
sant; Platte Canyon; South Fork, Rio Grande 
Co.; Tennessee Pass. Mostly late April to 
August, but as early as March 30 at Boiler Bay, 
Oregon, and as late as Sept. 5 at Waldport, 
Oregon, and December 5 at San Francisco, 
California. 

‘This species will have to be known as C. criddlei 
Curran, 1929, Canad. Ent. 61: 131. See footnote 1, p. 85. 
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Cordilura (Paratidia) adrogans Cresson 
Cordilura adrogans Cresson, 1918, Ent. News, 29: 135. 

Type, o’, Mesa Grande, Sonoma County, California; 

Academy of Natural Sciences, Philadelphia. 

This species is close to masconina, but the 
head is not so strongly receding, the faciooral 
angle being about 135°; the parafacials are 
narrower, about 1.3 as wide as the facials, and 
the pollen is not so dense, especially on the 
mesonotum and abdomen, which are subshining. 
Coloration is essentially as in masconina except 
that the hind, and sometimes the middle, tibiae 
may be blackened and the frontale may become 
black or blackish posteriorly. The chaetotaxy 
is essentially as described for masconina, except 
that there are three to four, rarely five, cruciate 
frontals, and the acrostical hairs are fewer and 
more scattered, sometimes absent. The wing is 
distinctly infumated, especially along the costal 
margin. Genitalia as in figs. 18 and 26. 

I have seen numerous specimens, all from the 
Pacific Coast states. WASHINGTON: Forks; 
Copalis; Mt. Rainier; Olympia; Dewatto. 
OREGON: Homestead Inn, Mt. Hood; Oregon 
City; Forest Grove; Winchuck River; North 
Bend: Hood River; Rock Creek; Silver Creek 
Falls, Marion Co. CALIFORNIA: Bolinas; Baxter’s 
Placer Co.; Colfax; Serra Meadow, Giant Forest; 
Giant Forest; Eureka; Mt. St. Helena; Muir 
Woods; China Flat, Eldorado Co.; Sonoma Co. 
April to late August. 


Cordilura (Paratidia) intermedia (Curran) 
Acicephala intermedia Curran, 1927, Canad.Ent., 59: 259. 

Type, 9°, Aweme, Manitoba; Canadian National 

Collection. 

Paratidia intermedia (Curran), Malloch, 1931, Ann. Mag. 

Nat. Hist., (10) 8: 432. 

A predominantly black species; the frontale 
on its lower half and the parafacials are reddish 
yellow; the front femur, except its broad apex, 
and usually the bases of the middle and hind 
femora, especially in the male, are black; the 
femora, tibiae, and, except for a tendency to 
blackish, the tarsi, are otherwise reddish yellow. 
The occipital orbit is broadly swollen and shining 
on its lower half; the mesonotum has a pair of 
narrow vittae between the acrostical and dorso- 
central rows and a pair of broader, interrupted 
vittae outside the dorsocentrals, shining; the 
abdomen is largely subshining. The parafacials 
are broad, about 2.5 the width of the facials; 
the faciooral angle is about 150°. The chaetotaxy 
is strong; there are five to six cruciate frontals; 
the hind reclinate frontoorbitals are weak or 
absent; the acrostical hairs are well developed, 
moderately large; the middle femur has two 
preapicals behind; the apical scutellars are 
one-half to two-thirds the length of the laterals. 
Male outer forceps as in fig. 19. 

This species was described from MANITOBA 
and recorded by Malloch from ALBERTA; it 
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becomes fairly common in late spring and early 
summer at moderately high elevations in the 
Southwestern United States. I have seen 
numerous specimens from the following localities. 
ALBERTA: Calgary. IDAHO: Geneva; Three Creek, 
Owyhee Co. UTAH: Eden. Nevapa: Elko; 
Wells. CALIFORNIA: Lake Tahoe; Sardine Creek 
and Leavitt Meadow, Mono Co.; Donner Lake; 
Bijou; Lake Echo; Hallelujah Jct. and Spauld- 
ing’s, Lassen Co.; Dardanelles, Tuolumne Co.; 
and Hope Valley, Alpine Co. Late May to 
late July. 


Cordilura (Paratidia) atripennis, new species 


An elongated, largely shining or subshining, 
black species. 

Male.—Faciooral angle strong, 140° to 150°; 
parafacials about 1.5 width of facials; lower part 
of occipital orbit expanded and swollen. Two 
well-developed reclinate frontoorbitals, the hind 
one three-fifths to fully as long as the front one; 
four to five cruciate frontals; inferior vibrissa 
half or more length of vibrissa. Front, vertex, 
and occiput black; parafrontals above and 
swollen parts of occipital orbits shining, frontale 
opaque, the other parts subshining under thin 
cinereous pollen; face and cheeks pale yellow, 
almost white. Antenna small, black. Palpi 
white. Proboscis polished, black. 

Prothorax and metathorax subshining under 
fairly heavy cinereous pollen, the mesothorax 
largely shining; mesonotum with somewhat of a 
bluish cast. Acrosticals slender but long, about 
half the length of the dorsocentrals; dorsocentrals 
well-developed but slender, the first presutural 
and first postsutural but little shorter than the 
subsequent ones. Stigmatal present. Only one 
preapical (posterior) behind on the middle femur. 
Legs black, cinereous-pollinose; front tibia yellow. 
Wing distinctly infumated, especially along the 
veins and the costal margin; veins blackish. 
Vein R,: bare or with one setula near the apex. 
Halteres and squamae yellowish. 

Abdomen elongated, the intermediate segments, 
when the sides are normally reflexed, each about 
as long as wide; rather densely cinereous- 
pollinose; hairs long, mostly black, some pale 
ones dorsally and ventrally near base. Genitalia 
as in fig. 20. 

Length, 6 mm. 

Female.—Occiput largely shining. Abdomen 
broader than in the male. Last sternite pointed 
apically but not upcurved. 

Types: Holotype o’, Wolf Creek Pass Camp 
Grounds, UTAH, June 19, 1950 (F. C. Harmston); 
United States National Museum type no. 62228. 
Allotype 9, Roosevelt, UTan, July 19, 1950 
(Harmston). Paratypes: 2c’, 192, Woodland, 
UtaH, July 19, 1950 (Harmston). In the United 
States National Museum and the State College 
of Washington. 
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BOOK NOTICES 


FLEAS. An Illustrated Catalogue of the Rothschild 
Collection of Fleas (Siphonaptera) in the British 
Museum (Natural History). By G. H. E. Hopkins 
AND MIRIAM ROTHSCHILD. 1953. xv + 361 pp., text 
Fics. 1-466, photographic pls. 1-45; page size 84 X11 
inches. British Museum (Nat. Hist.), London, 5. W. 
7. Price, bound, 4 pounds, 4 shillings (approximately 
$11.85). 


This is, without a doubt, the most outstanding book 
on fleas. It has been sumptuously printed, and the many 
illustrations are first class. The photomicrographs set a 
new standard in the illustration of fleas; I have seen 
none better. An enormous amount of patient and care- 
ful labor has gone into this work. It is a brilliantly 
executed monument to the authors, and its publication 
does great credit to the British Museum. This volume 
is the first of a proposed series of five. The second vol- 
ume should be in print before this review is published. 

In volume one is an interesting biography of Charles 
Rothschild by his daughter Miriam (Mrs. George Lane), 
an introduction which includes Karl Jordan’s phylo- 
genetic arrangement, a list of the genera and subgenera 
of fleas of the world (about 200), together with the fami- 
lies and subfamilies to which they belong, a general dis- 
cussion, an excellent 21 page glossary replete with labeled 
illustrations which will serve as a sound base for all 
siphonapterists (I am not acquainted with a better 
glossary for any group); then follows a key to the super- 
families and families of fleas. The families Tungidae and 
Pulicidae are treated in this volume, and keys to genera 
and species are given. One hundred and forty seven 


species in 24 genera are incorporated, including, amongst 
others, fleas of man, fow!, dogs, cats and rats, the latter 
vectors of plague. 

This work, although entitled a catalogue of the Roths 
child collection, is really more comprehensive and is 
not onlv a catalogue of the entire collection of fleas in the 
British Museum, but it includes (or will include 
when completed) all the known forms of fleas. The 
collection, the finest in the world, contains more than 
1,100 kinds of fleas, together with over 700 holotypes and 
lectotypes. About 22,000 slide mounts and uncounted 
thousands of specimens preserved in fluid form the base 
of this study. The entire fa’:ric of the monograph is 
interthreaded with the experienced thinking of Karl 
Jordan (to whom the work is dedicated), and if it were 
not for him this work could never have appeared as it ha 

Errors appear to be few, and those discovered by, or 
called to the attention of the authors will be corrected 
in subsequent volumes. The omission of authors’ names 
and references for the suprageneric categories is un- 
fortunate in a work of this magnitude. The index, which 
includes only the fleas, does not do justice to the book. 
In spite of the fact that the volume is intended to be a 
taxonomic treatise, a brief synopsis of the habits and 
host range under each generic heading would have been 
of great value. One expects that the interpretation of 
flea morphology, and the terminology thereof, will pass 
through an evolution in time. The clear illustrations 
and glossary will stimulate study and comment and 
will speed that evolution. We look forward to the last 
volume for a host-parasite list and a discussion of the 
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host-parasite complex, reflections on evolution, an essay 
on geographical distribution, an expanded general dis- 
course, summary and conclusions. 

The Cambridge University Press are to be commended 
on their printing, the excellent reproduction of the 
figures and plates and for the choice of such fine quality 
papers. 

The only previous comprehensive work on the fleas 
of the world was Taschenberg’s report of 1880, at which 
time only 34 species of fleas were recognized. The dis- 
covery, in 1898, that certain fleas are vectors of bubonic 
plague spurred research, an@g today there are about 1,400 
known kinds of fleas. It is of interest that the British 
Museum collection contains all excepting about 250 of 
the known fleas, and 148 of these are Russian. 

Now, for the first time, with this encyclopedia at hand, 
one who is not a specialist can identify a flea with an 
excellent chance of making a correct determination, 
because the keys and diagnoses have been written with 
the non-specialist, particularly the medical entomologist, 
in mind. That is the goal the authors aimed for, and 
that is the goal they have attained. This is the kind of 
work we need in entomology! 

No beginning student or specialist on the Siphonaptera, 
no general entomological or parasitological laboratory, 
no natural history museum or library, and no college 
or university where zoology is taught can afford to be 
without this outstanding compendium. It is always 
most satisfying to see a volume which, without reserva- 
tion, can be assigned the high place in zoological litera- 
ture deserved by this inmsignissimum opus. 

-ELwoop C. ZIMMERMAN. 


BIOLOGY AND LANGUAGE. J. H. WoopcGer. 1952 
The Cambridge University Press, Cambridge, Eng- 
land. xiii + 364. $8.00. 

‘“‘T take it to be the primary business of a book to please 
and interest the reader; if he also finds it useful in a nar- 
rower sense so much the better Woodger’s present 
volume should certainly fulfill his « considerations in being 
pleasant, interesting and useful to many biologists. While 
the book is addressed chiefly to biologists, who are 
mostly interested in organisms, it deals not so much 
with organisms themselves as with statements about 
organisms. That the distinction between talking biol- 
ogy and talking about biology is not trivial, Woodger 
makes abundantly clear. He points out that the most 
conspicuous activity of biologists is the making and 
recording of observations, with or without experiments. 
A less conspicuous of their activities is the making of 
hypotheses, such as those introduced by Harvey, Darwin, 
Mendel and Pasteur. A third and still less conspicuous 
activity of biologists is criticism (albeit they argue 
enough!), which would include such activities as the 
testing of hypotheses for compatibility, contradiction, 
modification, or extension, and consideration of such 
questions as: What is a hypothesis? What happens 
when a hypothesis is tested? What is a scientific ex- 
planation? The application of the science of criticism to 
such questions in biology Woodger calls biological meth- 
odology. Its subject matter consists of biological 
statements and its application consists of talking about 
biology. Among its tasks are the improvement of biolog- 
ical linguistics and the discovery of the type of mathe- 
matics required for the special needs of biology, this 
latter being in some contrast to certain branc hes of 
traditional mathematics developed largely to meet the 
special needs of physics. 

The author’s main purpose is to help in improving the 
language of biology, and in this connection he also deals 
with the problem of induction and with the use of symbols 
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in relation to scientific linguistics (readers having ap- 
prehensions as to the real utility of symbolism wil! 
perhaps feel some reassurance in knowing that the 
author distinguishes carefully between the syntacti- 
cal and the semantical aspects of the symbolic language 
which he develops). Language is a tool and its use in 
scientific methodology involves communicating, record- 
ing of observations, formulating hypotheses, and calcu- 
lating. Such activities place different demands upon 
language than do the common affairs of everyday life, 
the uses of literature, religion, politics, persuasion, etc. 
But in employing language as a scientific tool, men use 
words and habits of expression which have undergone 
their own evolution under the pressure of these other- 
than-scientific uses. The result of this is that words, 
phrases, and idioms of thought of a natural language are 
often rather ill-suited to satisfy the demands which 
scientific expression requires of them. Training in a 
native language in accordance with rules of grammar 
and current usage is certainly necessary, but, as Woodger 
shows, it is not sufficient. Biologists generally do not 
receive instruction in the use of scientific, as contrasted 
with natural, language. One result of this is that biolog- 
ical criticism is ‘‘conducted on a purely intuitive basis.’’ 
Further, the author points out that in current biological 
literature the words induction and deduction are frequently 
used as though they were synonymous (p. 55) and suggests 
that the processes are confused, or even not distinguished, 
because they are commonly carried out intuitively, this 
in turn resulting from a lack of instruction in the use of 
scientific language and method. 

To improve the language of biology Woodger has 
developed a special combination of the Boolean algebra 
of sets (also known as symbolic logic) and the algebra 
of rational numbers. This new algebra he calls combined 
algebra. The merits of its use, together with the merits 
of using symbols and formulas, and the relation of these 
to the principles of scientific language in general, are 
explained in Part I. Here also are explained ‘‘the 
structure and classification of biological statements and 
the way in which they are related to one another in 
theories."’ In Part II these results are ‘‘applied to 
certain methodological problems of genetics.'’ The au- 
thor here constructs and demonstrates a workable, partly 
symbolic language, showing its use in clarifying ‘‘certain 
abscurities which have been a source of controversy in 
that science.’’ It is emphasized that it is not the sub- 
ject matter - genetics with which the author is primarily 
concerned, but its language. The author explains the 
motives for the construction of the symbolic language by 
showing how certain subject-matter difficulties are trace- 
able to defects of the literary language which has been in 
generaluse. In Part III,a shorter section, the same gen- 
eral procedure is followed with regard to some methodo- 
logical and linguistic problems of neurology and certain 
related aspects of physiology, psychology, sociology and 
medicine. 

The three appendices, one after each of the main 
parts of the book are of considerable interest. These 
are (A) An analysis of Harvey’s De motu cordis et san- 
guinis, (B) Some linguistic aids to the study of evolution, 
and (C) Natural science and human affairs. 

In this book biologists will find much to interest and 
surprise them as regards their habits and methods of 
thought and expression, even if they decide not to make 
use of the book in what Woodger calls the ‘‘narrower 
sense’’. Perhaps one of the chief benefits to be gained 
from a study of Biology and Language will be a realiza- 
tion of the need to overhaul linguistic habits, if not by 
means of the special method presented by the author, 
then at least in a general way.—Ray MOREE. 
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